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I. INTRODUCTION 
Rice production in Peru is not enough to meet its total demand. 
Imports which were 32,000 tons of milled rice in I960 reached 72,046 
tons in 1964 and were estimated to be 80,000 tons for 1966 (Merrill, 1966), 
Adequate increase in the use of fertilizers is one of the agricultural 
practices which can contribute to reducing the actual gap between the 
production and demand. 
Previous rosoarch has shown that rice responds to fertilizers. 
However, this response as in any crop is affected by other factors. 
It has been reported by numerous investigators that the crop response 
to applied fertilizers varies under different soil, climatic and manage­
ment conditions. Rates of fertilizers which are adequate for a certain 
yield level in one location could not be the same in another location 
with different environmental conditions. 
Factors of production, in general, can be classified into two 
groups: controlled and uncontrolled. In the first category are fertilizers, 
varieties, agricultural practices and water (under irrigation), while in 
the second one are climatic factors, soil fertility and water (nonirrigated 
conditions). 
The use of models where controlled and uncontrolled variables 
where included have given a better explanation of the total amount of 
variation existent among experiments conducted at different localities 
(Voss, 1962; IVhitney, 1966; Desselle, 196?; Turrent, 1968), Therefore, 
in order to have the best prediction model for fertilizer recommendations, 
it seems indispensable that controlled and uncontrolled variables be 
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considered in the building of the response models. 
This study was undertaken to ascertain the response of rice yield 
under different soil and climatic conditions, to dotermino how uncontrolled 
variables encountered affected this response and express the general 
relationship by combining the data in regression analysis. 
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II. LITERATURE REVIEW 
Use of fertilizers to increase yields is a common agricultural 
practice in the rice production areas throughout the world. Rice normally 
responds to N fertilizers and, in addition, some cases of responses to P 
and K also have been reported. Rice yield also is affected by soil and 
weather factors and management practices. 
A. Rice Response to Fertilizers 
1. Nitrogen fertilizer 
Response of rice to N fertilizer varies according to the rice "variety. 
It generally is considered that rice of the species .iaponica responds to N 
more than the indica species. But certain indicas have shown high N 
response. Varieties of the indica group were found to have lower responses 
to N and they showed the largest decrease in response to N under high 
temperatures than those of the .iaponica group (Hiko-Ichia,Oka, 1956). 
Relwani (1959) reported differences in response to N among indica varieties 
and that a fine type of rice variety produced not only higher yields than 
a coarser one but also a better response to N, Vasistha et al. (1961) 
found differences in response to urea and ammonium sulfate between two 
early varieties. Similar differences in response to fertilizer between 
varieties are reported by Hall (I960), Young and Chen (1965). 
The effect of N fertilizers on grain yield is variable. Anderson 
et al. (1946) reported significant differences among different sources of 
N for the 1935 experiment only when ammonium sulfate, calcium cyanamide, 
uramon and calurea were tested in California from 1932 through 19^ 2. 
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In Arkansas highly variable responses were obtained among ammonium 
sulfate, nitrate of soda and cyanamide in experiments conducted from 
1938 through 1940, Ammonium sulfate was found superior to guano from 
sea birds and cottonseed cake (Calzada, 1951)• Chang et (1953) 
found more response from ammonium sulfate and ammonium chloride than 
from urea. But the difference between ammonium sulfate and ammonium 
chloride was not significant. Ammonium fertilizers gave higher yields 
than nitrate fertilizers when ammonium sulfate, ammonium nitrate, potassium 
nitrate, calcium cyanamide and urea were compared at a rate of 30 lb,/acre 
of N (Wahhab and Bhatti, 1957). Ammonium sulfate (100 lb./acre of N) 
gave up to 3.5 bu./acre greater yields than did calcium cyanamide (Kirinde, 
1959). Mallick and Das (1965) found a better response to ammonium sulfate 
than ammonium nitrate. Equal performance of rice fertilized with ammonium 
sulfate, ammonium sulfate-nitrate or urea were reported by Tiwari (1965). 
Nair and Koshy (1966) in a pot experiment with ammonium sulfate, ammonium 
chloride, ammonium nitrate and urea, found no significant difference 
among them. Anhydrous ammonia was equal to ammonium sulfate in increasing 
yield when applied directly to the soil just before planting (Reynolds, 
1954). However, ammonium sulfate was more effective than anhydrous 
ammonia on flooded land. Efficiency of the anhydrous ammonia as a source 
of N is also reported by Boerema (1966). 
Different methods of fertilizer application have been reported to 
influence grain yield response. Ramiah et al. (1951) found higher yield 
response of rice to 20 lb./acre of N as ammonium sulfate by placing the 
fertilizer 2 to 3 inches below the surface in dry soil instead of spreading 
it on a wet surface. The efficiency of deep placement appeared 2.5 times 
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that of the surface application. Mikkelsen and Finfrock (1957) reported 
25 to 50^  increase of rice yield when drilling ammonium sulfate to a 
depth of 2 to 4 inches. To lessen or eliminate the possibility of the 
downward movement of NH^ -N, Wahhab and Azim (1958) fixed NH/j, ions on 
clay by shaking a saturated solution of ammonium sulfate with soil and 
washing the soil so that the filtrate was free from sulfate ions. The 
NH^ -clay was applied to pots at the surface and at different depths. 
The two-inch deep placement gave the highest yield of paddy grain but 
was not significantly better than the surface application, A decrease 
in yield of paddy grain as well as total dry matter was observed with the 
increase from 4 to 20 inches in depth of placement of the NH^ -N. Langfield 
(1959) reported no difference in yield when ammonium sulfate was placed 
at 1 inch depth or at the surface. However a significant yield increase 
resulted from placing of the fertilizer 3 inches deep, Abichandani 
and Patnaik (1959) found that the sub-surface placement of the ammonium 
sulfate resulted in yields that were approximately 2,36 times greater 
than that of the surface application. Amer (I960) reported higher yields 
when the ammonium sulfate was plowed down before flooding and transplanting 
than when it was broadcast half at tillering and the remainder before 
heading. Similarly, greater yields by broadcasting and disking the 
ammonium sulfate before transplanting are reported by Hamdi et al. (1964), 
Chandraratna et al, (1962) found no significant difference between grain 
yields from plots where ammonium sulfate was placed below the surface 
ten days before transplanting or plots where ammonium sulfate was broadcast 
at transplanting or plots where the fertilizer was topdressed at tillering, 
Schmidt and Gargantini (I963) reported superior response to ammonium 
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sulfate from topdressing than from furrow applications. On alkali and 
meadow soils, Kiss (1965) found that placement of the ammonium sulfate 
at 10 to 20 cm. depth was less effective than broadcasting or incor­
poration to 6 to 8 cm. depth. 
Rice grain yield can be increased substantially by N fertilization 
and increasing plant density per unit of area until certain limits are 
reached for both factors. The optimum, amount of N and planting density 
differ with varieties or genotypes. Matsuo (1964) considered it reasonable 
to divide rice varieties into four groups; (a) those adaptable to dense 
planting and heavy fertilization, (b) those adaptable to dense planting 
and less fertilization, (c) those adaptable to sparse planting and heavy 
fertilization, and (d) those adaptable to sparse planting and less 
fertilization, Chowdhury and Raheja (1962) carried out experiments using 
three levels of N (30, 60 and 90 lb,/ acre of N), three inter-row and inter­
hill spacing (10 x 10, 15 x 6,6? and 20 x 5 inches), drilling and broad­
casting of the nitrogenous fertilizer, and ridging and flat-bed raising 
of the crop. He found that the optimum spacing was 10 x 10 inches and 
that the reduction in interhill spacing was not fully compensated by the 
increase in inter-row spacing, due probably to restricted development of 
radial roots in the paddy. Enyi (1964) found that the best combination 
of treatments for high grain yields was high N, 15 x 15 cm. hill spacing 
and four seedlings per hill. Sahu and Lenka (1966) found that closer 
spacing and heavy nitrogen manuring insured good yields from late-planted 
crops. P, like N, counteracted the effect of late planting and wider 
spacing. 
Application of N fertilizer at different stages of growth of the rice 
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plant has different effects on grain yield. Kali (I960) states that the 
most appropriate timing of N application depends to a great extent on the 
growth stag© of the individw-l variety. He found that two early rice 
varieties, Zenith and Nato, produced the largest amount of grain when 
fertilized at about eight and a half weeks after planting while a midseason 
variety, Bluebonnet 50, yielded highest when fertilized about twelve 
weeks after planting. Evatt et al. (I960) found that the midseason and 
early varieties group showed increases in grain yields as N was increased 
from 0 to 120 lb./acre but in the very early varieties, in a few cases, 
statistically significant yield increases resulted when the N rates were 
higher than 80 lb./acre. Sims et al. (196?) reported that the yield of 
rice grain generally increased with increasing delay of time of N application 
up to 50, 67 and 79 days from emergence for Vegold (l), Nato (II) and 
HLuebonnet 50 (III) varieties, respectively. N applied earlier than 
45, 55 and 65 days to I, II and HI, respectively, stimulated vegetative 
growth and resulted in taller plants, greater lodging and lower grain 
yields. In the case of short-season rice varieties Sims et al, (1967) 
reported that grain and head-rice yields (averaged over varieties and 
rates) were inversely related to plant height, lodging and maturity and 
generally increased as the time of N application was delayed from 43 to 
61 or 67 days from emergence. Statistically significant rate by time 
interactions were obtained from grain yield, head-rice yield, lodging, 
maturity and 1000-grain weight of rough grain. Variety by time and 
variety by rate interactions were significant for grain yield and lodging. 
Also, variety by time interactions were found to be significant for 
maturity, head-rice yield and 1000-grain weight of rough rice. 
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Viasco et al. (1953) found that application of fertilizer during 
the early reproductive stage produced a high grain to straw ratio. 
Yamada and Kirinde (1959) reported that 40 and 60 lb,/acre of N gave 
higher yields when applied as a late dressing than as basal dressings. 
N applied at a rate of 60 lb./acre three weeks after sowing gave the 
highest yields but the same amount six weeks after sowing had adverse 
effects. Chandraratna et (1962) reported that grain yields were 
higher when ammonium sulfate was topdressed at the time of ear initiation 
rather than at an earlier stage. Also, Tsai et (1965) found that 
application of part of the N at heading gave better yields than the 
traditional application of all the N before the second weeding and 
intertillage. However, Bhumbla and Rana (1965) reported that application 
of calcium-ammonium nitrate at maximum tillering was better for growth 
and yield than application at transplanting, the boot stage or ear 
emergence. Optimum yield response of paddy on a medium black soil 
(55-60^  clay; pH 8-8.5) was found by Verma (I960) when ammonium sulfate 
was applied at time of drilling and little if any benefit from applying 
the fertilizer in two or three installments. 
Split applications of N have been shown to be superior to a single 
application by several research workers. Lin and Chen (1952) found that 
the best results were obtained by applying one-third of the ammonium 
sulfate as a bare dressing, one-third at tillering and the rest before 
heading. Calzada et al. (1959) reported that split application of ammonium 
sulfate (one-half, 15 days after transplanting and the rest 50 days 
after transplanting) resulted in higher yields when compared with a single 
application at transplanting time, but were inferior to a single application 
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50 days after transplanting. Enyi (196'+) found that application of 
ammonium sulfate in three doses (planting time, midvegetative stage and 
early reproductive stage) resulted in plants with more panicle-bearing 
shoots, greater dry weight of straw and grain, greater straw to root 
ratio, and lower root dry weight than those which received the same total 
amount of ammonium sulfate in one or two doses, Katzarov and Milev (1964) 
reported that when the fertilizer application was split three times 
the best results were obtained by simultaneous application of 500 kg./ 
hectare of superphosphate and 200 kg./hectare of ammonium sulfate before 
sowing following this with 150 and 100 kg,/hectare of ammonium nitrate 
at shooting and tillering stage, respectively. Ramazanova (1964) also 
studied the effect of a split application before sowing and at shooting 
time and found that the highest yields on a meadow serozem were obtained 
by application of two-thirds of the total N dressed before sowing and 
the rest at shooting time. Chang and Yang (1964) reported that application 
of 80, 40 and 40 kg./hectare of N, P and K produced significantly higher 
yields when N was split in four applications (basal, and 30, 60 and 80 
days after transplanting) and P and K split twice (basal and 60 days 
after transplanting) than when the fertilizers were applied in the 
conventional method (all P and K and half of N as basal dressing and the 
balance of the N as a topdressing 30 days after transplanting). Yang (1965) 
found that urea, in a split application, could produce better yields 
than ammonium sulfate. Splitting three times in the first crop and two 
or three times in the second gave the most satisfactory results. The 
best time of application was at the time of panicle primordia different­
iation in the first crop and the maximum tillering in the second. 
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Mallickand Das (1965) reported that higher yields were obtained when N 
was applied half at planting and half one month later than by a single 
application of the N fertilizer, Patnaik and Broadbent (196?), using 
Nl5-tagged ammonium sulfate, found that applying two-thirds of the basal 
N at planting and topdressing one-third at the boot stage resulted in 
higher recovery of fertilizer N than did application of the full rate 
at planting or topdressing it all at time of tillering, 
2. phosphorus fertilizers 
P and K fertilizers are not generally used in the rice growing areas. 
Also the increase in rice yield obtained from their use commonly does not 
reach the same magnitude as from N fertilizers. 
Relatively low response of lowland rice to P fertilization has been 
attributed to an increase in the availability of the soil P under flooded 
conditions. Several workers have reported an increase in the availability 
of the soil P under submerged conditions (Shapiro, 1958; Datta and Datta, 
1963; Savant and Ellis, 1964). Several research workers have reported 
responses to P fertilizers when the rice was grown under dryland conditions 
but the response fails if grown under flooded conditions despite the 
fact that the soil was the same in both cases (Bartholomew, 1931; 
Kapp, 1933b), 
The response of rice to P fertilizers is greatly influenced by soil 
factors. Positive response to fertilizer P in red soils which contain 
a low amount of total and available P and a nonresponse to these fertilizers 
in alluvial soils which are higher in total and available P content 
have been reported by many investigators (Chang et al., 1953: Chin, 1958; 
Datta and Mistry, 1958). Yoshida (1958) found an increase in grain 
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yield of about 7C^  when the amount of P20^  was increased from 6 kg./hectare 
to 20.25 kg./hectare in a rice crop grown on a volcanic ash soil. 
Datta and Mistry (1958) reported yield increases from the supply of P 
fertilizers in lateritic and black soils but no response was observed 
in alluvial and calcareous soils. Seshagiri et al. (1959) concluded that 
normal rice yield cannot be expected in black soils without seasonal 
application of phosphate. Raychaudhuri and Biswas (19Ô2) reported high 
P response in zonal alluvial soils, red and laterite soils; however, 
the effect of P was better in combination with H. 
Differences in response according to the kind of P fertilizers 
used have been observed. Chang et al. (1953) reported that the response 
of rice to P is more apparent in acid than in neutral or slightly alkaline 
soils and that no matter what kind of soil the availability of superphosphate 
is the greatest, that of the fused phosphate is intermediate and that of 
the rock phosphate is the least. Chandraratna and Fernando (195^ ) found 
an increase in grain yield from the application of hyperphosphate, saphos, 
superphosphate and magnesium phosphate in a soil of light texture and low 
in P and N. Datta and Mistry (1958), in a study of the response effects 
of superphosphate, ammoniated superphosphate, mono- and di-calcium 
phosphate, calcium metaphosphate and mono- and di-ammonium phosphate, 
found that the mono-ammonium, calcium meta and di-ammonium phosphate 
performed better than the other fertilizers in lateritic soils, while 
in black cotton soil the increase in yield was superior when mono-
calcium and mono-ammonium phosphate were applied. No response to any 
one of the fertilizers was obtained on calcareous soils. Davide (I960) 
reported that the response of rice to mono-calcium phosphate was almost 
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the same in flooded and nonflooded soils, AlPOij, produced better growth 
on nonflooded soil and FePOi^  produced a better response in flooded soil. 
It was also observed that the solubilities of Ca, A1 and Fe phosphates 
utilizing HCI-H2SO/1. as the extraction solution and incubated under 
flooded or nonflooded conditions were greater when the soil was flooded. 
Under increased periods of incubation, the amount of P extracted depended 
on the soil type rather than the source of P. Mahapatra and Sahu (196I) 
found better response with bone meal than with rock phosphate, superphos­
phate and hyperphosphate on a sandy loam of pH 5 A containing 0.0^  
available P; however, the differences were not significant. 
Methods of placement have been reported, by several investigators, 
to influence rice response to P fertilizer under flooded conditions. 
Kalyanikutty et al. (1959) reported that, on fertile soils, digging- or 
plowing-in superphosphate before transplanting or dipping the roots of 
seedlings in super mud paste was no more effective than broadcasting the 
fertilizer, Davide (1964) cited work carried out ty the International 
Rice Commission at seven locations in India from 195^  to 1957 in order 
to compare various methods of application of ammonium phosphate and 
triple superphosphate at levels of 10 and 20 kg./hectare. The methods 
used were; (a) broadcasting at puddling immediately before planting, 
(b) drilling at puddling before planting, (c) dipping the seedling in a 
slush of fertilizer and mud, and (d) application in pellet form (prepared 
hy mixing with soil 5 to 10 times the fertilizer, making into small 
balls, and applying 5 to 8 cm. deep in the soil and 30 cm. apart between 
rows, 3 to 4 weeks after transplanting). No differences were found 
among the methods of application at five of the locations; however, the 
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pellet application was better than the broadcast placement at two locations. 
Reynolds (195^ ) found better results when the P fertilizer was drilled 
2 inches below the seed or when applied as a delayed broadcast than when 
it was applied with the seed, 3.5 inches to the side of the seed or 
surface broadcast at planting. Krishna et al. (1962) studied the effect 
of broadcast superphosphate up to 60 lb,/acre in a clay alluvium of pH 
7.8-8.0 and found the greatest response with 45 lb.,/acre; placement of 
superphosphate at 3 or 6 inches depth was ineffective. Fried and 
Broeshart (1963) reported that the relative uptake of P from superphosphate 
when it was surface broadcast with or without mixing was superior to 
placement 10 cm. below the transplanting point, 20 cm, below the trans­
planting point, 10 cm. deep between plant rows or 20 cm. deep between 
rows. Picciurro and Piacco (1966) reported that the P fertilizer is 
best utilized when broadcast at the surface. 
Positive interaction between N and P fertilizers on rice yields 
have been reported by some investigators. Petinov and Kharanian (I960) 
found the highest grain yield from irrigated and flooded rice when the 
rice was fertilized with P or a combination of N and P, respectively. 
July (1961) reported that supplying N and P together increased grain 
yield more than N alone. Ten Haven (196?) reported that in experiments 
with N, P and K small yield increases were obtained with phosphate in 
seven out of nine seasons. The effects were significant at the 1$ and 
5/0 probability levels in two of the seven seasons. A significant positive 
interaction was found between N and P in two seasons, and in four seasons 
a tendency in that direction was present. Basak (1962) reported that 
N application not only increases N uptake but also increases P uptake 
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over the control plots. However, P application in combination with N 
and NK fertilizer showed no influence on P uptake or grain yield over 
N application alone. Mo significant response in grain yield from the 
application of P fertilizers have been reported by several investigators 
(Kapp, 1931; Nelson, 1957; Calves, 1963). Decreases in grain 
yield from the application of P fertilizers have been reported by Ayi 
(1935) and Moolani and Sood (1966), 
3. Potassium fertilizers 
Varied results have been reported regarding the response to K 
fertilization on rice, Ishizuka and Tanaka (1952) reported that highest 
yields were obtained with the application of 30 kg,/acre of K2O, the 
K2O content of the grain being then about 0,5^ . Chang (1955) concluded 
that the neutral or alkaline soils in Taiwan have the highest content 
in potential and available K and that the response of rice to K fertili­
zation is most significant on the lateritic soils, on the productive 
slightly acid sandstone and shale alluvial soils and on the neutral 
slate alluvial soils, but soils with high pH but low in general pro­
ductivity such as the saline alluvial soils, claypan alluvial soils and 
the shist alluvial soils do not usually respond to K. Tseng and Wang 
(1959) reported that responses to K are most significant on red and 
yellow earths where a IC^  increase in rice yield can be expected with 
appropriate K fertilization. Kanwar and Sehgal (1962) found that maxbium 
response was obtained with 56 kg./hectare of K2O and that the response 
to K in paddy rice depends also on the variety. Yuan (1962) reported 
that the effect of K on rice grain was related to the timing of K appli­
15 
cation, gy splitting the dose into three or four applications the 
increase in yield was 18^  and 1?^ , respectively. However, only a 14^  
increase was obtained when K was applied only ones or twice. The 
differences were statistically significant. 
Sheng and Yuan (1963) found significant response in rice grain 
yield from the application of K and Mg in the first crop; however, in 
the second crop the response to K was significant only when it was applied 
with Mg. Sheng and Yuang (1964) reported significant response in yield 
when K was applied at rates of 40 and 80 kg./hectare of K2O in a single 
basal dressing or split into several applications; however, all split 
applications gave higher yields than the single basal application. 
Tsai (1967) found an increase in rice yield with increasing K at the 
panicle formation dtage but no response to K was observed at the fruiting 
stage. A lack of response to K fertilization has been reported by 
several investigators. Desai ot al, (1958') reported no significant 
response to K when applied to red sandy loam (Chalka) and black clayey 
(Regur) soils, Lin et al. (I960) concluded that the K fertilizer applied 
as topdressing seemed to increase the paddy yield, but the statistical 
analysis failed to confirm this fact, Powar et al, (I960) found no 
effect on grain yield of the application of K at the time of last 
puddling; however, the effect of phosphoric acid was increased at the 
higher level of K application and the application of K in the absence of 
phosphoric acid decreased yield. Also, no significant response from 
the application of K has been reported by Nelson (1957), Galves (1963), 
Kalam et al, (1966) and Moolani and Sood (1966), 
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4. Soil testing for rice fertilization 
The yield response of rice to applied fertilizers has been observed 
to be greatly influenced by soil factors, among which availability of N, 
P and K have been reported as playing an important role, A great amount 
of research has been carried out to correlate the response of rice yield 
to the applied fertilizers with the availability of soil nutrients. 
A significant correlation between the mineralizable N by incubation 
procedures and the response of grain yields to applied N fertilizer was 
found by Pritchett et al. (19^ 7) and Olson et (1964). 
Subbiah and Asija (1956) found that the nitrogen extracted by 
(1) 0.5^  KMnO^  in 4^  NaOH and (2) 0.32^  KMnO/^  in 2.5^  NaOH correlated 
best with the mineralizable nitrogen obtained by standard incubation 
procedures; the values of available N obtained by the method using 
0.32# KMnOij, in 2.55^  NaOH correlated significantly with paddy rice response 
to N fertilizer in a number of soils, Subbiah and Bajaj (1962) reported 
a highly significant correlation between the ammonia release after one 
week incubation at 35®C, under water-logged conditions and the paddy crop 
response. The correlation coefficients obtained between the crop response 
and available N evaluated by release of ammonia after a week of incubation, 
available N value as obtained by the Iowa nitrification method, Olsen's 
modified method and available N by alkaline permanganate method were 
-0,783, -0,480, -0,363 and -0,70, respectively. The correlation coefficient 
between crop response and percent organic carbon was -0,444, Davide 
(1961) reported that the availability of the calcium-, aluminum- and 
iron-phosphates increased under flooded conditions. Under flooded 
conditions, the A values corresponding to 250 lb. of PgO^  as Fe or A1 
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phosphate were equivalent to the A values of 83 and 56 lb, of mono-
calcium phosphate, respectively. Also, Tyner and Davide (1962) concluded 
that ths solubility of calcium-aluminm-phosphates are pH dependent 
and in general, it would appear that the most satisfactory current methods 
for determining the P status of paddy soils will be those employing 
strongly acidic extractants adjusted to low pH values. 
Vajragupta et al. (1963) reported satisfactory correlations between 
the Bray Pp method and P response, under field conditions for lowlands 
in Thailand. Peterson et al. (1963) concluded that soil which shows 
Ik ppm or less of available P extracted with 0.03 N in 0.1 N HCl 
(s oil;extractant ratio of 1:40) can be expected to give a response to 
added fertilizer P from 0 to 2.7 barrels per acre, 84^  of the time, 
Sheng et al. (1964) found no correlation between the available soil P 
values tested by the Bray P]^  and ?2 tests and the yield response of rice 
to applied P on latosols. However, the P values obtained by the two 
methods were highly correlated with the P content of the straw, 
Raychaudhuri (1956) reported that the NaHCO^  method gave the highest 
correlation with yield response in paddy soils (r - 0,855); soils which 
test less than 20 lb. of P205/acre by this method will respond to P 
fertilization. Nagarajah and Weekasekara (1962) reported an inverse 
relationship between the uptake of P from fertilizer and available 
soil P obtained by Olsen's method. Krishnamoorthy et al, (1963) suggested 
an upper critical limit of 60 to 80 lb./acre of PgO^  determined by 
Olsen's method. 
Tseng and Wang (1959), from a study of several methods for evaluating 
available soil P, concluded that Peech's method and Olsen's method 
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extracted too small amounts of available P for accurate estimation of 
the status of soil P. Bray's method and Truog's method extract larger 
amounts of P and therefore the different status of soil P can be clearly 
differentiated. Wang and Tseng (1962) correlated the available P ex­
tracted ly (1) 0.1 N NaOH extraction method, (2) Olsen's method, (3) 
Bray's Pj_ method, (4) Bray's ?£ method and (5) Mehlich's method with 
response of rice grain to P fertilizer in latosolic soils. The response 
was highly correlated with the available P determined ty any of the five 
methods. The methods can be ranked in the order just given, Tamhane 
and Subbiah (1962) reported that, for India, Olsen's method for neutral 
to alkaline soils and Truog's and Bray's methods for acid soils bolow 
6.5 were found to be suitable, Tseng and Wang (1964) found that the 
yield response of rice to P fertilization was significantly correlated 
ifith available soil P determined by Olsen's and Bray's P]^  methods in 
the paddy of slate alluvial soils in Taiwan, A response to P fertilizer 
was found when the available soil P was less than 10 ppm. 
Raychaudhuri (1956, 1957) reported a highly significant correlation 
between the available P extracted by versene solution with 0,03 N NH/jP 
and P fertilization in paddy soils, 
Wang and Tseng (1962) studied the correlation between the soil K 
extracted by several methods and the response of rice grain to K fertilizers 
on latosolic soils. Significant correlations were obtained either with 
neutral ammonium acetate extraction or by 0,05 N HCl-0.025 N H2S02^ , 
extraction when all the 37 soils were combined regardless of crop or 
year. However, the results varied when the samples were considered 
separately according to crop and year. No correlation was obtained 
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between the K content of straw or the percentage yield with the K in 
nonexchangeable form. Peterson et al.. (1963) reported a high correlation 
(r = 0.922) botWQsn Qxchangoable potassium extracted by ammonium acetate 
and available K extracted by 0.10 N HCl (soil;solution ratio 1;20), If 
a soil from southeast Louisiana contains less than approximately 70 ppn 
exchangeable or available K, rice yield response to added K can be 
expected of the time. Wann and Feng (1964) found no significant 
correlation between the exchangeable K and the response of rice to K 
fertilizer in the case of four alluvial soils derived from sandstone 
and shale, one alluvial soil derived from slate and two reddish brown 
Latosols. However, a significant curvilinear relationship was observed 
between the response of rice to K fertilizer and the amount of fixed K. 
Sheng et al, (1964) observed a highly significant correlation between 
the exchangeable K content of soil and the response of rice to K 
fertilizers in Reddish Brown Latosols and Yellowish Broifn Latosols. 
The exchangeable K should be maintained above 90 ppm. The high cor­
relation was not affected either by the difference between the two groups 
of soils nor by the difference in rice variety. 
B. Temperature Effects on Rice Yield 
Rice is considered a tropical plant. The average temperature required 
throughout the life of the plant ranges from 68® to 100°?. (Ramiah, 
1954). The total temperature required (sum of daily mean temperatures 
during the growing period) is between 3000° and 4000°?. (Grist, 1959). 
Grist also pointed out that these figures could probably be considered 
the lower range of requirement because in many countries they are exceeded 
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considerably. In Hungary, one of the most northerly rice producing 
countries, a total temperature of 5500°F. and 1,200 hours of sunshine 
are considered the lower limits for successful paddy=growing. In th© 
temperate climate, low temperature is one of the limiting factors. 
During the growing season the mean temperature, the temperature sum, 
the range, the distribution pattern, diurnal changes, or combinations 
of these may be highly correlated with grain yields (Moomaw and Vergara, 
1964), 
Satoh (1964) found that the correlation coefficient between the 
yield and a monthly mean air temperature was highest in July, Abe et al. 
(i960) reported a close relationship between the heading dates of rice 
and the air temperature during ripening periods and the weight of 1000 
grains. In those districts of seashore and highlands, it was observed 
that the heading dates are retarded, and 1000 grain weights decreased 
in relation to those of the inner district owing to the low temperature 
in summer and autumn. 
Optimum temperature for different phases of rice development have 
been determined by a number of investigators. Davis (1950) concluded 
that in the rice-growing areas of California the critical time in the 
development of rice in relation to temperature is during the period of 
heading when pollination of the flower takes place. Davis pointed out 
that night temperatures in the 40° or low 50°F. range will inhibit pollen 
tube growth and result in sterility. This causes blighting and low 
yields. Delayed maturity, either from late seeding, highly fertile 
soil, excessive use of fertilizer, or late varieties increases the 
21 
hazards or loss from sterility caused by low temperatures. Tanaka and 
Wada (1955) reported that blooming was enhanced when the temperature 
rose sharply, even if only to a slight extent, after a period of lower 
temperatures which were sub-optimal for blooming, than when it remained 
unchanged at somewhat higher levels. The optimum temperature for 
flowering in rice plants under natural conditions seemed to lie between 
a daily maximum from 27.5° to 32.5°C. and a daily minimum from 17.5° 
to 22.5°C, With a daily maximum temperature below 24.5°C. blooming 
was considerably retarded. 
High night temperatures have been found unfavorable for getting a 
good yield of rice (Takahashi et al., 1955; Suzuki and Moroyu, 1962). 
Low night temperature, however, has been reported favorably to influence 
grain production (Matsushima and Tsunoda, 1958; Grist, 1959). 
Water temperature has been shown to affect rice growth and yield. 
Pujiwara (1953) reported a significant correlation between water and 
soil temperature with air temperature and also between water temperatures 
and yields. High correlation was particularly characteristic of localities 
with unfavorable soils and weather conditions and without advanced 
agricultural techniques. Matsushima and Tsunoda (1959) found that water 
temperatures lower than 27.5°C. in an average of day and night temperatures 
caused the rice plants to delay their heading dates. The grain yield 
was increased by high water-temperatures such as 35°C. and 30°C. in the 
daytime and at night, respectively, throughout the entire period. A low 
night water temperature as low as 15°C. does not reduce the yield only 
if day water-temperatures are kept favorably high. Matsushima et 
(190^ ) studied the combined effect of air temperature and water temperature 
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at different stages of growth and found that during early growth the 
best water temperature was 31°C., while air temperature had no effect 
on yield. At mid-growth both water temperature and air temperature 
affected yields. During late growth, water temperature had no effect 
on yield and the best air temperature was 21®C. Yamakawa (I960) observed 
that the soil and water temperature of the plot treated with black carbon 
powder was higher than the control plot. There was no sign of weeds 
growing in the carbon black plot and its yield was 24^  higher than the 
control plot. Nuttonson (1965) summarized the results obtained relative 
to the effect of the water temperature on rice production in the rice 
areas of California and Arkansas. 
Temperature has been found to influence the uptake of nutrients by 
the rice plant, Takahashi et al, (1955) reported that P and K absorption 
were most influenced by temperature of the medium and that Ca and Mg 
were least affected. The effect of temperature on the absorption of 
other ions falls in between the two groups mentioned, Chiu et al, (1961) 
found no significant difference in nutrient concentration between different 
treatments and between indica and .iaponica species. High temperature 
generally increased nutrient absorption. In indica rice the increasing 
of nutrient absorption under high temperatures appeared to result in 
an increased transmission of nutrient to grain; but in .iaponica rice 
this transmission did not always happen, Suzuki and Moroyu (1962) found 
no clear effect of high night temperature (3 to 6°C, higher than natural) 
on nutrient uptake by rice plants; however, at higher night temperatures 
than mentioned N uptake was somewhat lower than normal, Fvijiwara and 
Ishida (1963) reported that uptake of nutrients (except Ifo) was inhibited 
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by low root temperature. Growth and nutrient uptake by plants grown at 
17°C, and 23°C. during day and/or night were almost similar to those 
grown under constant temperature at 17°C, 
C, Production Function Research 
Since Mitscherlich in 1909 (Mitscherlich, 1909) presented an equation 
to relate crop yield with a single nutrient, a large amount of research 
has been carried out in developing production functions from experimental 
data which could be utilized to advise farmers in fertilizer use, Voss 
(i960) and Tejeda (1966) presented an extensive review of the mathematical 
functions employed to relate crop yields to fertilizer variables. 
Heady et al. (1955) fitted several production functions to yield 
observations and found that a square-root function gave the best pre­
dictions for com, alfalfa and red clover. The production function 
equations were used to derive a single nutrient response curve, marginal 
response coefficients, yield isoquants, marginal substitution coefficients 
and nutrient isoclines. Pesek and Heady (1956) reported a methodological 
study to derive and use production functions to calculate optimum econ­
omical levels with two fertilizer nutrients, 
Jensen and Pesek (1959) developed a generalized equation for yield 
prediction taking into consideration differences in soil fertility levels 
between sites. Pesek et al. (1959) reported statistical and economic 
analysis obtained from fitting quadratic and square-root functions where 
com stand level was included as a variable input along with N. 
Pesek and Heady (1958) reported a procedure to calculate the economic 
minimum rate of fertilizer application in cases where the optimum level 
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can not be applied due to capital limitations or higher expected returns 
from alternative uses of the same capital, 
Voss (1962) fitted a second degree polynomial function including 
selected interactions between controlled and uncontrolled variables to 
eighteen nultirate fertilizer experiments with corn. Uncontrolled variables 
(soil variables, management factors and weather) were selected by simple 
and multiple correlation between these variables and yields from control 
plots. 
General considerations in planning of fertilizer experiments to 
provide adequate data for economic analysis was indicated by Pesek (1956) 
and Johansson et al, (1966), The latter et al, suggested an integrated 
biological and economic model for input/output relations and a decision 
model to integrate short-term and long-term aspects of fertilization 
problems. 
Onodera (1939) suggested the equation y = A + Bx + Cx? for the 
purpose of calculating the minimum amount of ammonium sulfate in paddy 
rice. Here, A, B and C are constants, y denoted the amount of crop 
production and x the minimum element applied. Vasconcelos and Almeida 
(1966) fitted Mitscherlich's equation to the point analysis of 13 rice 
fertilizer experiments conducted on the coastal area of the Brazilian 
Northeast, The most profitable level of nitrogen was 124 kg,/hectare. 
25 
III. EXPERIMENTAL PUNS AND PROCEDURES 
In Peru, significant yield increases of rice from applied fertilizers 
liave been found (Calzada, 1951; Calzada et al., 1959). However, there is 
limited information on the effect of rice yields due to N, P, and K 
fertilizers applied at different rates and combinations. 
Modern experimental designs, such as the composite design used in 
this study, allow for estimation of the principal effects in multi-rate 
and multi-variable experiments without including aU the factorial treat­
ment combinations. Multi-rate experiments permit the estimation of a 
complete fertilizer-crop production surface. 
The purpose of this study was to determine the response of rice to 
applied fertilizers under varied soil and climatic conditions in the 
rice production Areas of Peru. 
A. Experimental Sites and Procedures 
1, Selection of experimental sites 
The experiments were carried out in the northern coastal and Selva 
Alta regions of Peru. The geographic area is between 4° 4-3' south 
latitude and 7° 25' south latitude. The total rice production of this 
area is about 68.5^  of the total production of the country (Peru 
Ministerio de Agricultura y Universidad Agraria, 1964) and is localized 
in Amazonas, La Libertad, Lambayeque and Piura departments. 
A total of 38 multi-rate N, P and K fertilizer experiments with 
rice were conducted on cooperating farmers* fields during a three-year 
period. Thirteen of these experiments were conducted in 1964, 15 in 
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1965 and 10 in 1966. The name and location of the cooperators appears 
in Table 1. The soils on which the experiments were conducted are 
Table 1. Cooperator, location and year of the thirty-eight rice experiments 
Year Site Farm Cooperator Province Department 
1964 1 Buenos Aires Morropon Piura 
2 Tejedores Piura Piura 
3 Golondrinas Sullana Piura 
4 San Jacinto Sullana Piura 
5 Grimaneza Sullana Piura 
6 Tavara Lambayeque Lambayeque 
7 Tablazos Chiclayo Lambayeque 
8 Tuman Chiclayo Lambayeque 
9 Catalina Pacasmayo La Libertad 
10 La Granja Pacasmayo La Libertad 
11 Limoncarro Pacasmayo La Libertad 
12 Huabal Pacasmayo La Libertad 
1965 13 Golondrinas Sullana Piura 
14 Pucusula Paita Piura 
15 Santa Rosa Sullana Piura 
16 San Miguel Sullana Piura 
17 Tavara Lambayeque Lambayeque 
18 Capote Chiclayo Lambayeque 
19 Tablazos Chiclayo Lambayeque 
20 Tuman Chiclayo Lambayeque 
21 El Hornito Pacasmayo La Libertad 
22 Limoncarro Pacasmayo La Libertad 
23 Huabal Pacasmayo La Libertad 
24 Milagro Pacasmayo La Libertad 
25 Lurifico Pacasmayo La Libertad 
1966 26 Golondrinas Sullana Piura 
27 San Miguel Sullana Piura 
28 San Cristobal Sullana Piura 
29 Tavara Lambayeque Lambayeque 
30 Tablazos Chiclayo Lambayeque 
31 Huabal Pacasmayo La Libertad 
32 Mancoche Pacasmayo La Libertad 
33 El Hornito Pacasmayo La Libertad 
1964 34 Huarangopampa Bagua Amazonas 
1965 35 Huarangopampa Bagua Amazonas 
36 Morerilla Bagua Amazonas 
1966 37 Huarangopampa Bagua Amazonas 
38 Morerilla Bagua Amazonas 
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classified as alluvial with the exception of those corresponding to 
Granja Tejedores and Bagua which are considered as red desert and latosol 
respectively (Zavaleta, 196^ ). Requirements adopted for the selection 
of sites were to choose fields which had been in rice production for 
three or more years, free of salinity problems and with an ample water 
supply for irrigation. 
2, Handling of the experiments 
Each experiment was composed of two replications of 24 plots each. 
Each plot measured 5 n, by ^  m. and was isolated from neighboring plots 
by small dams. 
Prior to fertilizer application a composite soil sample consisting 
of nine sub-samples was taken from the surface 20 cm, of each plot. 
Subsoil samples were also taken consisting of a composite of 12 borings 
from each replicate in 15 cm, increments to a depth of 1.05 m. 
Determination of nitrifiable nitrogen, n, available phosphorus, p, 
exchangeable potassium, k, and pH, a, were made on all samples by the 
Iowa State University Soil Testing Laboratory. In addition to these 
analyses organic carbon, c, was determined by the Soil Laboratory at 
Lambayeque Experiment Station. The analyses were done on air dry soil 
samples. The soil test methods used and listed in the same order as the 
analyses above were; incubation method (one-^ week anaerobic incubation 
period at 40°C.), Bray's method (extracting solution; 0,025 N HCl 
and 0,03 N NH^ F), exchangeable potassium using 1 N NH^ O^AC, pH measurement 
in a 1 to 2 soil;water suspension and organic carbon by bichromate 
oxidation. The results of the soil testing analyses appear in Table 23 
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of the Appendix. 
Late varieties account for the majority of the rice grown in Peru, 
Variety EAL-60 in 1964 and 1965 and variety Minabir 2 in 1966 were 
used in the experiments carried out in the coastal region while Radin 
China variety was utilized in all the experiments conducted in Bagua 
(Selva Alta region). These three varieties are classified as late varieties. 
The total growing period for the EAL-60 and Minabir 2 varieties is between 
180 and 210 days and for the Radin China 180 to 195 days (Mimeograph, 
Lambayeque Experiment Station, 1965). All three varieties have a nursery 
period between 45 and 70 days and their grain yield is similar (Castillo 
and Hernandez, 1961). 
Individual nurseries were prepared for each experiment, but in some 
cases plants from the same nursery were used for two or more experiments. 
The seed was provided by Lambayeque Experiment Station. The nursery was 
seeded at a rate of 200 gr./m.^  seed. The nurseries received a base 
application of 100 kg,/hectare of ^ 2^  ^ 2^® respectively. The N was 
applied at a rate of 120 kg,/hectare split in two equal amounts 20 and 
35 days after seediiig. The age of plants at transplanting time fluctuated 
between kO and 70 days old, 
P and K fertilizers were broadcast and covered slightly with soil 
before transplanting, N fertilizer was applied in two equal applications. 
The first was applied 20 days after transplanting and the second 20 to 
25 days before heading. The N fertilizer was applied on water, i.e,, 
e^n the plots were flooded. 
The fertilizer sources were ammonium sulfate (215S N) for N, ordinary 
superphosphate (20^ 5 P20^ ) for P and potassium sulfate (505^  K^ O) for K. 
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The rate and treatment combinations are given in Table 2 and the coded 
treatment rates in Table 3. In 1965 the levels of N were changed but 
the rates of P and K were kept the same as in 1964, In 1966 the rates 
of fertilizer used were the same as in 1965 with the exception of Bagua 
experiments which received the same rate of N, P and K as the 1964 
Table 2, Rates and fertilizer combinations in kg./hectare for 1964, 
1965 and 1966 experiments 
Treatment 1964 1965*1966^  
Number Fertilizer Rates Fertilizer Rates 
N P205 KgO N P2O3 KgO 
1 40 40 40 60 40 40 
2 40 40 120 60 40 120 
3 40 120 40 60 120 40 
4 40 120 120 60 120 120 
5 120 40 40 180 40 40 
6 120 40 120 180 40 120 
7 120 120 40 180 120 40 
8 120 120 120 180 120 120 
9 80 80 80 120 80 80 
10 0 80 80 0 80 80 
11 160 80 80 240 80 80 
12 80 0 80 120 0 80 
13 80 160 80 120 160 80 
14 80 80 0 120 80 0 
15 80 80 160 120 80 160 
16 0 0 0 0 0 0 
17 0 0 160 0 0 160 
18 0 160 0 0 160 0 
19 0 160 160 0 160 160 
20 160 0 0 240 0 0 
21 160 0 160 240 0 160 
22 160 160 0 240 160 0 
23 160 160 160 240 160 160 
24 0 0 0 0 0 0 
I^n case of Bagua experiments N, P^ Oc and KgO rates were the same 
as 1964 experiments. 
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Table 3. Coded fertilizer rates 
Treatment Orthogonally Coded Rates 
Number N P2O5 KgO 
1 -1 -1 -1 
2 
-1 -1 1 
3 -1 1 -1 
4 
-1 1 1 
5 1 -1 -1 
6 1 -1 1 
7 1 1 -1 
8 1 1 1 
9 0 0 0 
10 -2 0 0 
11 2 0 0 
12 0 -2 0 
13 0 2 0 
14 0 0 -2 
15 0 0 2 
16 -2 -2 -2 
17 -2 -2 2 
18 -2 2 -2 
19 -2 2 2 
20 2 -2 -2 
21 2 -2 2 
22 2 2 -2 
23 2 2 2 
24 -2 -2 -2 
experiments. 
Rice was transplanted to each plot forming 20 rows with 25 cm. 
between rows and hills and at a rate of six plants per hill. The plots 
were flooded during the entire growing period. The cooperators' normal 
cultural practice of irrigation and weed control was allowed throughout 
the rest of the crop season. 
There were no problems of disease or insect attack with the ex­
ception of two experiments (Tuman and Tablazos) in 1965 which suffered 
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an attack of Piricularia oryzae. In 1966 EAL-60 variety, which is sus­
ceptible to Piricularia oryzae. was substituted by the tolerant variety 
Minabir 2 in all the coastal region experiments. 
Plant height measurements were taken at the flowering stage. Nine 
systematic measures were taken in each plot considering the height from 
the soil to the ear apex. 
Rice yield in kg./hectare was estimated by hand harvesting and 
threshing of 12 m," from the center of each plot. Threshed rice samples 
were taken in the field from individual plots to estimate the percent 
of aborted grain^ . 
Stand counts (population density) were made at harvest time on each 
plot; however, because of the influence of fertilizers, especially H, 
on plant tillering, no yield adjustment for stand is used in this study. 
Temperature data were collected from the meteorological station 
closest to the field where the experiment was conducted. The straight 
line distance between experimental fields and meteorological stations 
was not more than 12 km. with exception of the Pucusula experiment where 
the distance from Mallares Meteorological Station is about 26 km. 
However, in the case of Pucusula, given the flat topography and the 
general meteorological conditions of the Coastal Region, it is expected 
that the temperature between the meteorological observatory and the 
experimental field does not differ very much. In Table 4 the locations 
of the meteorological stations are given. No temperature data were taken 
at Bagua because of the lack of a meteorological station at this location. 
A^borted grain determination was performed using a winnowing machine. 
32 
Table 4. Meteorological stations from where the temperature data was 
collected 
Year Experiment Meteorological Station 
Site Coded Site Location Operator 
1964 1 1 Morropon Ministry of 
Agriculture 
2 2 Tejedores San Lorenzo 
Irrigation 
3 
4 
3 Mallares Farm 
5 
6 4 Lambayoque Ministry of 
Agriculture 
7 5 Tinajones Tinajones 
Irrigation 
8 6 Tuman Farm 
9 7 Talambo Farm 
10 
11 8 Limoncarro Farm 
12 
1965 13 9 Mallares Farm 
14 
15 
16 
17 10 Lambayeque Ministry of 
Agriculture 
18 
19 n Tinajones Tinajones 
Irrigation 
20 12 Tuman Farm 
21 13 San Jose Ministry of 
Agriculture 
22 14 Limoncarro Farm 
23 
24 15 Talambo Farm 
25 
16 1966 26 Mallares Farm 
27 
28 
29 17 Lambayeque Ministry of 
Agriculture 
30 18 Tinajones Tinajones 
Irrigation 
31 19 Limoncarro Farm 
32 20 Talambo Farm 
33 21 San Jose Ministry of 
Agriculture 
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Temperature data are given on Table 24 of the Appendix. 
B. Characterization of Experiments 
At any location the yield of a crop is defined by the interaction 
of controlled and uncontrolled variables, Pesek (1964) related the effect 
of the environment on the yield of a crop considering the yield as a 
dependent variable and the environmental factors as independent variables. 
Furthermore, the independent variables were divided into controlled 
variables which are measured with negligible error such as fertilizer 
rates, irrigation, varieties, etc. and uncontrolled variables such as 
soil test, weather, etc. which are measured with greater error. 
In this study, yield is considered as a dependent variable and 
fertilizer, soil test values for soil surface and temperature are con­
sidered as independent variables. According to what was mentioned above, 
fertilizers will represent the controlled variables and soil test values 
and temperature will represent the uncontrolled variables. Soil test 
values vary at random among plots within an experimental site while 
temperature which remains constant for any particular location will vary 
from location to location. 
Climate at a location is a function of several factors such as 
temperature, rainfall, relative humidity and wind. Air temperature has 
an influence on rice yield as has been shown in the last chapter. In 
this study the effect of the climate on rice yield is evaluated in terms 
of daily air maximum and minimum temperatures during the growing season. 
The concept of the regression integral developed by Fisher (1924) 
was applied to the weather data. The regression integral concept requires 
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the characterization of the precipitation, temperature or other weather 
variables using a few orthogonal coefficients. The number of coefficients 
is independent of the number of periods into which the growing season is 
divided except that the number of coefficients must be fewer than the 
number of periods. 
The practical application of the Fisher's method consists of ex­
pressing, as a function of time, the amount and distribution of temperature, 
precipitation or other weather factors with only a few variables. If 
a fourth degree orthogonal polynomial is used, the number of variables 
with which the crop yield will be correlated is five rather than 37i the 
number of observation periods in this study. For the theoretical treat­
ment of the method and the computational technique applicable to it the 
reader is referred to Fisher (1924) and Houseman (1942), 
In this study the temperature observations correspond from January 1 
until July 3 for 1964 and from January 1 until July 4 for 1965 and 1966, 
The growing season was arbitrarily divided into 37 five-day periods. 
The length of the period is selected arbitrarily; Fisher (1924) 
used six-day periods; Hendricks and SchoU (1943) found no advantages of 
weekly values for temperature and precipitation over the monthly values 
in predicting com yield; Hopkins (1935) used five-day periods in a 
study of the relationship between weather and wheat yield in western 
Canada. Houseman (1942) also used five-day periods; Besson (1961) used 
five-day periods when studying responses of mixed hay to P fertilization; 
Carmen (1963) used five-day periods in a study of the influence of 
precipitation, temperature fertility levels and cropping sequence on 
com yields. 
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The orthogonal coefficients for maximum period temperature M2» 
M3, square of the maximum period temperature M2^ , 
minimum period temperature (m^ , m2, m^ , mij,), square of the minimum 
P P 2 2\ 2 
temperature (m^  , m2 , raj , m;^  ), mean period temperature"^  (t]_, t2, tj, 
2 2 2 2\ 
tij,) and square of the mean period temperature (t^  , tg , tj , tij, ) were 
calculated according to Houseman (1942). 
Variates M, m and T represent the average daily maximum, minimum 
and mean temperatures for all the grooving season. Variates M^ , and 
are simply the squares of the variates H, m and t, respectively, 
C. Statistical Methods 
A double cube composite design with one additional check plot per 
replication was used in the 38 experiments of this study. As 
mentioned before, using this design it is not necessary to have all the 
treatment combinations of a complete factorial in order to estimate the 
parameters for the response surface of a second order polynomial model. 
An analysis of variance was calculated for each experiment in order 
to ascertain treatment effects and replication differences on grain yield. 
A second degree polynomial including linear by linear interactions of 
the applied fertilizer variables was fitted to the grain yield data 
from each site. The model used is as follows; 
S^ub-indices 1, 2, 3 azid 4 on the temperature variate are used to 
represent the linear, quadratic, cubic and quartic orthogonal coefficients 
respectively. 
M^ean period temperature refers to the average of the daily maximum 
and minimum temperature for the five-day period. 
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Y = bQ + N + P + bg K + b]_2 NP + bj^  ^NK + bg^  PK 
+ b-[ 1 + b22 P^  + ^ 33 ^  ® 
%ere Y is the grain in kg./hectare: N, P and K represent the rates 
of N, P and K fertilizer applied in kg,/hectare respectively (Table 2), 
b's are the partial regression coefficients to be estimated by least 
square procedure and e is a random error component. 
To study the effect of the weather variables preliminary multiple 
regression analysis using average check plot yields, mean highest yield, and 
experiment mean yield for individual experiments were regressed on 
weather variables. 
The experiments were grouped into two groups. The first group was 
composed of all the experiments which had the same fertilizer rates as 
the 1964 experiments, and the second group from all the experiments which 
had the same rate of fertilizer as the 1965 experiments. The first 
group contained 15 experimental sites and the second 23. A combined 
analysis of variance over all experimental sites within each group was 
performed for grain yield. 
Multiple regression models including applied (fertilizers) and 
environmental (soil tests and temperature) variables were fitted to the 
grain yield of the two groups of experiments. The general form of the 
model is; 
Y = f (F, S, T, FS) 
where F represents fertilizer variables; S, soil variables; T, temperature 
variables; and FS, interaction between fertilizer and soil variables. 
Interactions between fertilizer by temperature and soil by temperature 
variables were not included in the model because of the limited capacity 
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of tho computational program used. Eagua experiments were deleted before 
applying this model because of the absence of temperature data at these 
sites. 
In the initial step the effects were not known and all two factor 
linear by linear interactions (except those involving temperature) and 
high order terms to allow for a curvilinear response were included. The 
variables which enter in the final regression model were selected, taking 
into considoration tho following criteria: (a) significance of its 
partial regression coefficients, at least at O.3O level based on a 
t-test; (b) its contribution to the regression sum of squares; (c) sig­
nificance of the variables in the individual quadratic model applied to 
each site; (d) presence of higher order terms or interaction statistically 
significant at least at 0.30 level; (e) added to allow for curvilinear 
relationship; (f) significance in either one of the two groups of exper­
iments . 
For ease of calculation coded values of the fertilizer rates, as 
given in Table 3. were used in all the statistical computations. All 
statistical analysis was computed by the Iowa State University Statistical 
Laboratory. 
Table 5 contains an explanation of the symbols used for the variables 
in this study. 
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Table 5, Notations and meanings of the variables used in this study 
Notation Meaning 
Y Yield of rice in kg./hectare 
N Applied nitrogen fertilizer 
Expressed as N, kg./hectare 
P Applied phosphoinis fertilizer 
Expressed as P2O5, kg./hectare 
K Applied potassium fertilizer 
depressed as K2O, kg,/hectare 
Applied nitrogen fertilizer squared 
Applied phosphorus fertilizer squared 
Applied potassium fertilizer squared 
NP 
NK Cross-product terms as indicated 
PK 
n Top soil nitrogen content 
Expressed as pp2m 
p Top soil phosphorus content 
Expressed as pp2m 
k Top soil potassium content 
Expressed as pp2m 
a Top soil pH 
c Top soil organic carbon content 
Expressed as percent 
M Mean maximum temperature for the 37 
5-day periods 
Distribution coefficient for linear 
effect of maximum temperature 
Distribution coefficient for quadratic 
effect of maximum temperature 
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Table 5. (Continued) 
Notation Meaning 
K3 
% 
m 
mi 
m.2 
n2 
p2 
k2 
nW 
pN 
kN 
aN 
cN 
nP 
PP 
kP 
aP 
cP 
Distribution coefficient for cubic 
effect of maximum temperature 
Distribution coefficient for quartic 
effect of maximum temperature 
Mean minimum temperature for the 37 
5-day periods 
Distribution coefficient for linear 
effect of minimum temperature 
Distribution coefficient for quadratic 
effect of minimum temperature 
Distribution coefficient for cubic 
effect of minimum temperature 
Distribution coefficient for quartic 
effect of minimum temperature 
Top soil nitrogen content squared 
Top soil phosphorus content squared 
Top soil potassium content squared 
Top soil pH squared 
Top soil organic carbon content squared 
Cross-product terms as indicated 
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Table 5. (Continued) 
Notation Môâm.ng 
nK 
pK 
kK Cross-product terms as indicated 
aK 
cK 
np 
nk 
na 
ne 
pk Cross-product terms as indicated 
pa 
pc 
ka 
kc 
ac 
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IV. RESULTS AND DISCUSSION 
Rice yields were significantly increased by the application of 
fertilizers. Response to N occurred in almost all experiments; however, 
response to P and K varied among sites. 
Uncontrolled factors (soil and weather) were significant in ex­
plaining variable fertilizer responses among locations. The methods 
for the selection of variables and the effect of these variables on 
grain yield are discussed in the following sections, 
A, Selection of Weather and Soil Variables 
The great effect of temperature on rice yields has been reported 
by numerous investigators (Takahashi et al., 1955; Matsushima and 
Tsunoda, 1958; Grist, 1959; Suzuki and Moroyu, 1962). 
It is well known that the same dose of a weather factor does not 
have the same effect on plant growth through the entire growing season. 
This consideration has led several agricultural meteorologists to postu­
late the existance of "critical periods," Therefore, it seems reasonable 
that the pattern of distribution of a weather factor plays an important 
role in its effect on crop yield. Existance of critical periods in 
rice plant growth have been reported by Davis (1950), Tanaka and Vfeda (1955), 
Matsushima et al, (1964). 
In order to make an estimate of the amount of variation that could 
be explained by the temperature variables, a regression analysis was 
performed using the mean yield of rice per check plot^ , highest experiment 
h^e mean of four control plots in each experiment. 
42 
"I 2 
treatment mean and experiment treatment mean- and the distribution 
coefficients for maximum temperature, distribution coefficients for 
minimum temperature, mean and squared variâtes as are described in the 
previous chapter. The regression models, regression coefficients and 
t-tests are given in Tables 6 through 8, 
A regression model simultaneously using the mean temperature 
variables and their respective squared term which do not appear in these 
tables gave non-significant regression coefficients and R^ -values which 
fluctuated between 0.176 and 0.001. 
The results in Tables 6 through 8 show that the highest R^ -^ alues 
and the greatest number of significant coefficients corresponded to 
functions with minimum temperature; however, in the case of the highest 
experiment treatment mean quadratic and cubic distribution coefficients 
for maximum temperature were significant and the equation explained 
34.^  of the total yield variation. 
Some distribution coefficients for the squared maximum and squared 
minimum temperature period were also significant in the case of highest 
experiment treatment mean and experiment means (Tables 6 through 8). 
The correlation coefficients between the maximum temperature 
distribution coefficients and those of their respective squared terms 
and also between the minimum temperature distribution coefficient and 
those of their respective squared terms were greater than 0.94 except 
T^he highest treatment average in each experiment when the two 
replications were used. 
T^he average yield considering all forty-eight plots in each 
experiment. 
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Table 6. Mean yield of rice per check plot as a function of 
temperature variables 
Variate 
Xi 
Equation 
b4 
ï = bo + 
M 
M2 
M3 
N4 
= 0.0394 
m 
mi 
«2 
mil 
= 0.3549 
T 
t 
t 
R = 0.1168 
M' 
I 
579.941162 
134.586585 
2537.535350 
126096,536000 
265788.532000 
8237813.730000 
11316.433600 
724.838902 
8984.617490 
128127.935000 
8I328.2357OO 
24861252.900000 
1117.560550 
229.992225 
4717.190970 
187069.041000 
73371.131800 
18336940.600000 
1786.463870 
1.713687 
36.519426 
2510.077980 
3495.352170 
167595.070000 
O.Q6OO51 
0.425295 
0.344489 
0.870113 
0.987031 
0.725lil 
2.662362* 
I.860258++ 
0.845263 
0.277135 
2.658585* 
0.498860 
0.759767 
0.784127 
0.167162 
1.164747+ 
0.308268 
0.260762 
0.956454 
0.439912 
0.820986 
R^  = 0.0418 
=2 
4847.398440 
0.684798 
92.651470 
4264.756490 
0.222423 
0.551102 
0.886421 
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Table 6. (Continued) 
Variate 
Xi 
 ^Equation 
% = bo + ^ Vi 
ti t 
2 3713.276620 
507159.569000 
- 0.432576 
1.846595++ 
= 0.1700 
rp2 
Î -
1980,867190 
4.511458 
83.849488 
4008,318240 
1841.325100 
322683.812000 
0.490670 
- 0.600329 
0.791710 
0.199321 
1.008413 
= 0.1012 
Table 7. Yield of rice on highest e^ qjeriment treatment means as a 
function of temperature variables 
Variate 
Xi 
 ^Equation 
Y = bo + ^ biXi 
bi t 
M 
1 • : 
14517.894500 
681.700757 
6146.017690 
316920.454000 
1141258.450000 
7770595.860000 
2.127027* 
0.823849 
- 2.159300* 
2.488855* 
- 0.675363 
R^  = 0.3493 
i
f
 
1 4027.621090 
441.680925 
15466.761900 
78907.430700 
1.367683+ 
- 2.699754* 
- 0.438851 
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Table 7. (Continued) 
Vàï-iatd  ^Equation 
Y = bo + £bj_Xi 
bi 
% 
R" = 0.4005 
I 
R' = 0.3851 
2 
= 0.3553 
I 3 
112653.736000 
25427504.700000 
188.301132 
178.103850 
4124.252680 
I8O62O.064000 
495368.698000 
24500814.700000 
3999.211910 
10.843138 
129.550225 
5932.OO8O7O 
20065.949200 
190360.882000 
6433.695310 
2.127903 
441.856800 
479.668650 
8115.916030 
535478.260000 
0.323629 
2.292358* 
0.376261 
0.646982 
0.737395 
1.099233+ 
1.515776+ 
1.932477++ 
0.916475 
2.239446* 
2.502055* 
0.923877 
0.676658 
2.573130* 
0.097608 
0.925643 
I.9O8839++ 
r = 0.4281 
i 
5688.929690 
1.703561 
78.139059 
3786.580500 
10322.314900 
424231.343000 
0.178808 
0.539900 
0.721786 
1.078341+ 
1.279442+ 
= 0.3627 
Ii6 
Table 8. Yield of rice on experiment mean's as a function of 
temperature variables 
Variate 
X. 
Y = b 
Eqxxation 
0 • 
i^ 
M 
% 
IT = 0.2222 
m 
mi 
2^ 
Mil, 
= 0.4345 
T 
r = 0.2865 
I 
12376 .,722700 
563.806493 
4086.055750 
225346.182000 
722649=844000 
IOI86320.500000 
2706.314210 
328.261650 
9583.191500 
11137.063500 
102093.328000 
27488844.200000 
2104.236570 
263.011243 
4771.015240 
13790.123200 
213021.897000 
23194952.500000 
3932.558590 
9.260602 
86.208692 
4305.236040 
12588.770400 
217574.967000 
2.117047* 
0.659142 
1.847712++ 
1,896552++ 
1.065422+ 
1.376964+ 
2.266004* 
O.O83907 
0.397306 
3.357075** 
0.678599 
0.914072 
0.068758 
0.577309 
1.752553H-
1.987890++ 
0.734560 
1.957625++ 
I.89O663++ 
1.271860*. 
R = 0.2307 
4 #2 5459.113280 2.215171 229.555749 1489.244210 0.911292 I.72942&HL 0.392053 
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Table 8. (Continued) 
Variais 
X. 
Equation 
Y = br 6% 
r' = 0.4086 
I 
= 0.2665 
5818.384690 
659730.353000 
2977.073730 
2.680737 
86.045157 
701.744764 
4691.700120 
446577.501000 
0.858502 
3.042472** 
0.345060 
0.729094 
0.164041 
0.601064 
1.651680+ 
for the mean and linear minimum temperatures which were 0.55 and 0.85, 
respectively. Because of the apparent superiority of the distribution 
coefficients for maximum and minimum temperature in explaining the 
total yield variation in comparison to those of their squared terms, 
and also because of the high correlation between the former and squared 
terms, it was decided to use only the distribution coefficients corres­
ponding to maximum and minimum temperatures in the models involving 
applied and environmental factors. 
The effect of maximum and minimum temperature was calculated by 
using the regression model given in Table 17. The partial derivative 
of yield with respect to maximum and minimum temperature is given by 
the following equations; 
48 
= - 134.7326 - 5309.8387 ^ %±1 + 264951.0430 iiiZ (15) 
'c. y. 
- 1993.9092 £§i3 + 18622341.6000 £4i4 
£1,13 #^14 
(16) 3 Y _ 813.4872 - 20699.8949 ^4il + 97908.7461^  112 
 ^ , '^iiz 
- 313557.3220^  113 + 52456485.7000^ 114 
,2 .2 
^âi3 14 
whereôï/^ M^  and are the change in yield response with one 
additional degree of maximum or minimum temperature respectively over 
the mean, at the overall mean of the other variables in the model and 
at any given time interval; are the orthogonal polynomials. 
The numerical values of $ listed in Table 9 were taken from 
Anderson and Houseman (1942). For scale correction every term in the 
partial regression equation was divided its corresponding ^  
The effect of the maximum and minimum temperature on yield over 
time is shown in Figures 1 and 2. It appears that this effect of 
minimum temperature on yield decreases in the first part of the plant 
growth after transplanting to become Important again during the heading 
period and in the last part of the growth period, Davis (1950) reported 
that in the rice-growing areas of California the critical time in the 
development of rice in relation to temperature is during the period of 
heading when pollination of the flower takes place. 
The increase of one additional degree of maximum temperature over 
the mean exerts a beneficial effect on yield in the first and last part 
of the growth period after transplanting. The negative effect of 
Figure 1. Effect of an additional degree of maximum temperature (°C.) above the mean on 
rice yield as a function of time during the growing season. 
EFFECT OF MAXIMUM TEMPERATURE 
ON YIELD 
( k g  / h a /  r c )  
oÇ 
Figure 2. Effect of an additional degree of niniraum temperature (°C,) above the mean on 
rice yield as a function of time during the groT-ring season. 
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Values of the orthogonal polynomials, |(from Anderson 
and Houseman, 1942) 
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1 -18 +210 -357 +11781 
1 -17 +175 -238 + 5236 
1 -16 +142 -136 + 374 
1 -15 +111 - 50 - 3036 
1 -14 + 82 + 21 - 5211 
1 -13 + 55 + 78 - 6354 
1 -12 + 30 +122 - 6654 
1 -11 + 7 +154 - 6286 
1 -10 - 14 +175 - 5411 
1 - 9 - 33 +186 - 4176 
1 - 8 - 50 +188 - 2714 
1 - 7 - 65 +182 - 1114 
1 - 6 - 78 +169 + 429 
1 - 5 - 89 +150 + 1914 
1 — 98 +126 + 3234 
1 - 3 -105 + 98 + 4326 
1 - 2 -110 + 67 + 5141 
1 - 1 -113 + 34 + 5644 
1 0 -114 0 + 5814 
1 1 -113 — 3^  + 5644 
1 2 -110 - 67 + 5141 
1 3 -105 - 98 + 4326 
1 4 - 98 -126 + 3234 
1 5 - 89 -150 + 1914 
1 6 - 78 -169 + 429 
1 7 - 65 -182 - 1144 
1 8 - 50 -188 - 2714 
1 9 - 33 -186 - 4176 
1 10 - 14 -175 - 5411 
1 11 + 7 "154 - 6286 
1 12 + 30 -122 - 6654 
1 13 + 55 - 78 - 6354 
1 14 + 82 - 21 - 5211 
1 15 +111 + 50 - 3036 
1 16 +142 +136 + 374 
1 17 +175 +238 + 5236 
1 18 +210 +357 +11781 
5^ 
maximuri temperature was reduced during the heading period. 
Table 10. Ranges of temperature means and distribution coefficients 
among sites 
Maximum Minimum 
OC. °C. 
Mean 26.6 to 32.8 17.5 to 21.819 
Linear -0.21254 to -0.03454 -0.20372 to -0.01689 
Quadratic -0.0122? to 0.00042 -0.01188 to -0.00600 
Cubic -0.00066 to 0.00334 -0.00045 to 0.00396 
Quartic -0.00006 to 0.00009 0.00000 to 0.00013 
In the selection of the soil variables as a first step all the 
soil test values, their interactions and interactions between the soil 
test values and applied fertilizer variates were used in the regression 
models of plot yields on independent variables. In the next models, 
soil variates which did not show significance according to the criteria 
indicated in the preceding chapter for selection of variables were 
deleted. 
Ranges for soil test values for each one of the experiment sites 
are given in Table 11. 
B. Effect of Applied N, P and K 
Rice yield response to applied fertilizers varied among sites and 
years. This yield variation could be attributed to the existence of 
different environmental factors at each site. Yield results are given 
in Table 23 in the Appendix, 
Simple analyses of variance were performed for each site-year in 
Table 11. Range of soil analyses from each site 
Yea? Site Soil Test 
Nitrogen Fhosphoï'us Potassium pH Organic 
pp2m pp2m pp2m Carbon $ 
1964 1 19- 69 
2 9** 46 
3 16- 53 
4 7- 86 
5 18-105 
6 16- 67 
7 22-116 
8 13- 83 
9 15- 99 
10 49-167 
11 26- 92 
12 20- 86 
1965 13 5- 40 
14 5- 37 
15 15- 78 
16 5- 51 
17 20- 80 
18 25-140 
19 30-105 
20 5- 39 
21 39- 98 
22 9- 45 
23 30- 80 
24 11- 70 
25 6- 47 
1966 26 14- 50 
27 14- 56 
28 12- 52 
29 34- 72 
30 13- 57 
31 20- 55 
32 28- 65 
33 15- 49 
1964 34 20-164 
1965 35 21- 92 
36 19- 76 
1966 37 37-104 
38 26- 90 
Extremes 5-167 
67-238 176- 328 
140-218 680-1296 
37- 71 636- 834 
24- 60 449- 860 
46- 79 639- 933 
3- 65 278- 635 
5- 24 251- 587 
20-122 68I-1552 
7- 14 688- 882 
2- 7 414-1074 
2- 26 225- 363 
1- 7 155- 333 
55- 96 662-1827 
68-153 166- 402 
21- 32 558- 947 
23- 74 7O8-1235 
6- 22 396- 732 
20- 46 390- 912 
7- 34 455- 800 
21- 50 596-1267 
3- 12 171- 501 
6— l4 269- 411 
8- 19 227- 624 
5- 63 343-1233 
12- 30 319- 439 
60- 92 982-2756 
40-115 449-1004 
33- 95 368- 836 
1- 3 231- 471 
1- 7 250- 358 
1— 4 144- 211 
2— 4 159- 333 
1- 4 107- 245 
4- 19 495-1184 
3- 10 414-1301 
3- 8 300- 904 
3- 11 475- 988 
2- 9 390- 982 
1-238 107-2756 
5.4-6.8 0.809-1.602 
6.1-6.8 0.709-1.100 
7.1-8.0 0.474-0.872 
6.7-7.6 1.105-1.733 
7.3-7.9 0.860-1.837 
7.7-8.7 0.651-1.338 
7.7-7.9 0.410-1.200 
8.0-9.0 0,789-1.389 
7.8-8.1 0.930-1.698 
7.9-8.2 1.652-2.528 
7.7-8.4 0.980-1.463 
7.7=8.0 0.438-1.301 
7.6-8.0 0.408-0.846 
7.5-3.1 0.209-0.576 
7.5-7.8 0.602-1.306 
7.2-7.8 0.346-1.443 
7.7-8.5 0.555-1.420 
7.9-8.2 0.885-1.565 
7.7-8.0 0.970-1.593 
7.6-8.3 0.375-1.361 
7.7-3.2 0.532-1.268 
7.7-8.0 0.769-1.497 
7.9-8.1 0.834-1.617 
8.2-9.5 0.310-1.173 
7.8-8.2 0.649-1.444 
7.6-8.1 0.466-1.014 
7.2-7.8 0.896-1.973 
7.2-7.8 0.694-1.227 
8.1-8.8 0.529-0.967 
7.9-8.1 0.426-1.295 
8.0-8.4 0.525-0.955 
8.0-8.4 0.770-1.875 
8.0-8.2 0.294-1.101 
8.0-8.5 0.860-3.012 
8.0-8.5 0.611-1.617 
7.9-8.3 0.563-1.191 
7.9-8.6 0.430-1.580 
7.9-8.4 0.643-1.519 
5.^ 9.5 0.209-3.012 
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Table 12, Analysis of variance for rice yields for each site-year of data 
Sources of Decrees of Mean 
Year Site Variation Freedom Square^  
1964 1 Rcplicate 1 216553.69 
Treatment 23 1757437.99 
Error 23 1397335.00 
1964 2 Replicate ]. 609526.69 
Treatment 23 2860224.99** 
Error 23 503725.19 
1964 3 Replicate 1 632258.06 
Treatment 23 6340460.99** 
Error 23 1379254.99 
1964 4 Replicate 1 123322.69 
Treatment 23 41869IH.99** 
Error 23 270549.56 
1964 5 Replicate 1 3600872.99 
Treatment 23 5331087.99*» 
Error 23 1340330.99 
1964 6 Replicate 1 5584172.99** 
Treatment 23 2756487.99** 
Error 23 429305.69 
1964 7 Replicate 1 2632061.99 
Treatment 23 3258181.99** 
Error 23 1030051.44 
1964 8 Replicate 1 16415174.99** 
Treatment 23 3344216.99** 
Error 23 761968.69 
1964 9 Replicate 1 743498.^ 4 
Treatment 23 5312128.99** 
Error 23 602194.75 
S^,yinbols denote probability level of statistical significance. 
Double asterisk (**) denotes 0.01 level of significance. Single asterisk 
(*) denotes 0.05, double cross (++) denotes 0.10 and single cross 0.30. 
These symbols indicating significance levels will be used throughout this 
dissertation unless othert-Jise designated. 
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Table 12. (Continued) 
Som-cGs of Degrees of 1 lean 
Year Site Variation FroGdom Square 
1964 10 Replicate 1 1066820.99 
Treatment 23 2936426.99** 
Error 23 1009067.81 
1964 11 Replicate 1 191138.50 
Treatment 23 4253461.99** 
Error 23 898728.31 
1964 12 Replicate 1 50370623.99** 
Ti'eatraent 23 6336761.99** 
Error 23 1274631.99 
1965 13 Replicate 1 1573229.99 
Treatment 23 4497320.99 
Error 23 482379.81 
1965 14 Replicate 1 102.17 
Treatment 23 2685477.99** 
Error 23 618504.31 
1965 15 Replicate 1 222360.19 
Treatment 23 1303063.99 
Error 23 660285.19 
1965 16 Replicate 1 409036.69 
Treatment 23 2942509.00** 
Error 23 367351.63 
1965 17 Replicate 1 1282472.99* 
Treatment 23 8575996.99** 
Error 23 204497.38 
1965 18 Replicate 1 4130094.00* 
Treatment 23 4632130.99** 
Error 23 623377.38 
1965 19 Replicate 1 549124.38 
Treatment 23 1379748.99** 
Error 23 227177.00 
1965 20 Replicate 1 2048481.00* 
Treatment 23 1574955.99** 
Error 23 262970.38 
Table 12. (Continued) 
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Year Site 
Sources of 
Variation 
Degrees of 
FrcGclom 
Mean 
Square 
1965 
1965 
1965 
1965 
1965 
1966 
1966 
1966 
1966 
1966 
1966 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Replicate 
Treatment 
Error 
Replicate 
Treatment 
Error 
Replicate 
Treatment 
Error 
Replicate 
Treatment 
Error 
Replicate 
Treatment 
Error 
Replicate 
Treatment 
Error 
Replicate 
Treatment 
Error 
Replicate 
Treatment 
Error 
Replicate 
T'reatment 
Error 
Replicate 
Treatment 
Error 
Replicate 
Treatment 
Error' 
1 
23 
23 
1 
23 
23 
23 
1 
23 
23 
1 
23 
23 
1 
23 
23 
1 
23 
23 
1 
23 
23 
1 
23 
23 
1 
23 
23 
1 
23 
23 
2346609.99 
2613345.99* 
1236844.99 
1022292.19* 
1710659.99** 
189943.63 
701792.63 
4540377.99** 
337328.69 
4144188.00** 
10736366.99** 
237210.38 
5651267.99** 
6079178.99** 
594544.00 
291564.19 
2251059.99** 
1559427.99 
86700.00 
1753379.99* 
666147.44 
2131512.00 
4729261.99* 
2332192.00 
12.00 
2774798.99** 
382509.19 
1735471.00 
3159660.00»* 
1008868.81 
70069.25 
7695748.99** 
491453.19 
Table 12. (Continued) 
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Sources of Degrees of Mean 
Year Site Variation Freedom Square 
1966 32 PiQplicatG 1 3721889.99** 
Ti^ eatmont 23 4325104.00** 
Error 23 432177.30 
1966 33 Replicate 1 107163.00 
Treatment 23 10109156.00** 
Error 23 906g27.13 
1964 y.\. Roplicate 1 %9403.00 
Ti-eatraont 23 1075930.99** 
Error 23 334225.38 
1965 35 Replicate 1 1120268.99 
Treatment 23 2991709.99** 
Error 23 538522.38 
1965 36 Replicate 1 40716.75 
Treatment 23 1894332.99* 
Error 23 719271.63 
1966 37 Replicate 1 2160690.99 
Treatment 23 1534909.00** 
Error 23 532960.00 
1966 38 Replicate 1 2024587.00* 
Treatment 23 1828484.00** 
Error 23 360537.00 
order to ascertain the treatment effect on yield. Table 12 shows the 
analysis of variance for each site-year. 
Treatment effects were significant at the 0.01 level at 31 sites 
and at the 0.05 level at four sites. Replication differences were found 
at 11 sites and are assumed due to differences in initial soil fertility. 
The effect of treatment over sites was calculated by combining the 
experiirients and testing the treatment by sites interaction. The experiments 
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Table 13. Combined analysis of variance of yield for experiments using 
equal fertilizer rates as 1964 experiments 
Source of Variation Degrees of Freedom Mean Squares 
Sites (S) 14 79988671.99** 
Replication/Site 15 5818057.99** 
Treatments (T) 2] 26851103.99** 
T X S 322 1863201.99** 
Error 3^ 5 822393.69 
Table 14. Combined analysis of variance of yield for experiments using 
equal fertilizer rates as 1965 experiments 
Source of Variation Degrees of Freedom Mean Squares 
Sites (S) 22 65962191.99** 
Replication/Site 23 1451574.00** 
Treatments (T) 23 31023808.00** 
T X S 506 2904852.99** 
Error 529 655581.13 
were combined in two groups, as was mentioned in the preceding chapter. 
The combined analysis of variance for the two groups of experiments are 
reported in Tables I3 and 14. 
Treatment by site interactions were significant at the 0.01 
probability level for the two groups of experiments, thus indicating 
variation in response to fertilizer treatments among sites. Also, the 
comparison of the mean square for treatment was significant at 0.01 
level when tested against the mean square of treatment by site inter­
action as the error term. This indicated consistent differences among 
treatments. 
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The pooled errors from the individual analyses of variance were 
heterogeneous for the two groups of experiments according to Bartlett's 
test prsssntsd by Snedecor (1956). Under this circumstance the probability 
level for the significance of the treatment by site interaction may not 
be precisely at the 0.01 level as was calculated. According to Cochran 
and Cox (1957) the test of significance can be performed using (t-1) 
and n degrees of freedom, where t is the number of treatments and n is 
the error degrees of freedom in the experiment with the highest error 
variance. For the two groups of experiments the calculated F with 23 
and 23 degrees of freedom was significant at the 0,01 level. Therefore, 
even when a more conservative test was used different responses to 
fertilizer treatments among sites were found. Similar results for com 
yield are reported by Voss (1962) and Desselle (1967), 
A second degree pol^ omial model as described in the procedure and 
methods chapter was fitted to the yield data in order to ascertain more 
ftiUy the treatment effect. The partial regression coefficients for 
linear, quadratic and linear by linear interaction terms with their 
significance level and the R^ -value for each site-year of data are given 
in Table 15, Coded values as given in Table 3 were used in this analysis. 
The experiments were decoded at -2 level for the applied variables 
and the linear and curvilinear effect for the applied variables were 
calculated at the average value of the other two applied variables. 
The response to applied N was as follows. Positive and significant 
linear response at 0.01 probability level was found in 14 experiments. 
Negative and significant linear response at 0,01 and O.3O probability 
levels was found in two and one expei^ ents respectively. Positive 
Table 15. Regression coefficients for each variate and their significance level and the 
R -value resulting from fitting a second degree polynomial vTith interactions 
to grain yields at each of the experimental sites 
Variates Sites 
1 2  3  
bo 7913.9'''53 4569.6875 6807.1484 6123.0234 7296.2461 4933.5703 
N -67.8227 577.8073** 1097.5235»* 851.4372** 879.8786** 723.1112** 
P -13.6977 -37.6927. -154.43^ !-S^ f 109.0622+ -174.4547+ 139.8821++ 
K -32.4477 -13.9219 -32.3724 -159 ..1044* -60.9339 36.0487 
ÎT -225.3721** 26.3304 -10.5494 2.9230 -54.1800 -7.0390 
KK 46.1529 -37.0046 -100,324-4+ 31.8780 190.6100* -17.1290 
PK -110.2021+ -11.1296 -38.57/44 -115.8820* -64,6800 59.461%. 
80.2929 -315.4743* 70.1877 148.19451- -6.8536 -51.5220 
P- 128.0429 -86.3076 -22.3956 -179.6389++ 70.3131 -49.0220 
K~ -221.8737+ 219.2757+ -50.0623 5.0278 -39.6036 -5.5220 
R- 0.24 0.53 0.74 0.83 0.56 0.77 
7 8 9 10 11 12 
6922.6797 6463.1875 5335.9336 6944,9180 8562.7383 6860.2734 
N 529.9761** 626.5309** 972.0109** 416.5557** 820.3534** 1049.5388** 
P 134.7053+ 144.2809+ 177.3442+H- -207.5901++ 145.5617+ 75.2054 
K 75.8511 -233.9691++ -75.9683 188.7432+ 51.6450 77.6637 
HP 108.3810+ -8.1207 99.0195+ -7.6721 2.7503 -31.5668 
m -57.9690 34.4543 71.0795+ -7.7821 -111.5597++ 163.2782+ 
PK -77.6890 -27.2357 13.0195 -172.4121* -52.6347 -84.1668 
H" -149.0399 106.4936 0.193s 75.5481 5.6325 125.6764 
-102.6232 -126.2564 -168.8895+ -185.1186+ -145.4509+ 6.9264 
R6.7935 96.9936 48.6938 -82.0353 -32.2842 -70.7403 
0.43 0.il4 0.77 0.74 0.55 
Table 15. (Continued) 
Variâtes Sites 
13 14 15 16 17 18 
bo 5326.8008 6497.7188 6984.4883 5030.1680 5746.4023 7219.0977 
N -368.7376** 568.4231** -120.8887+ -317.7880** 1266.3968** 799.2369** 
P -46.2792 -127.2019+ 83.2363 139.2954+ 395.8969** -41.0547 
K 6.5541 -15.8686 147.6946+ 249.6079** 27.3135 26.6536 
NP -56.1916 18.2332 -0.4868 -72.4790+ 123.5812** 36.1455 
NK 111.723^  -16.3418 -4-1.0668 2.2660 30.3762 -1.3245 
PK 64.0134 53.4082 10.1882 -54.1090 -1.0588 18.7405 
K2 
-696.9794** -340.7233** 20.1789 -571.9595** 97.1543+ -594.9641** 
-254.0627* 114.5267 -101.7378 -47.1261 -78.5957 -75.8808 
97.2706 -107.1400 -74.9878 235.5405++ -89.6790+ 238.7859* 
R2 0.74 0.64 0.16 0.59 0.94 0.79 
19 20 21 22 23 24 
bo 4136.4180 3748.9507 7482.0195 5953.3672 6715.9297 6608.0586 
K 519.9396** -^ 1-64.5966** 544.1122** 470.8703** 946.6589** 1450.3430** 
P 18.1896 7.4242 128.3622+ 42.7453 91.2214+ 12.5930 
K -16.0604 71.9659 -6.5961 49.1411 55.8255 31.7805 
NP -1.0093 -65.1924+ -64.4286 39.7564+ 29.0948 20.2541 
m 2.6907 -50.3424 81.3714+ -57.0386+ -39.5902 -91.4709* 
PK 
-21.5593 -6.1174 -97.8386+ -97.1536* -38.9602 -75.5609++ 
k2 55.2948 29.0859 -336.9869* -201.8792* -59.8714 -276.4515** 
p?. 17.73-15 -38.3307 74.8465 89.9541+ 51.1286 69.2985 
-151.9552* -116.49744- 0.5131 -25.3792 -2.2047 -39.1181 
R- 0.81 0.55 0.56 0.74 0.88 0.94 
Table 15. (Continued) 
Variates Sites 
25 26 27 28 29 30 
bo 6290.1758 8026.1953 5064.7852 7556.6719 4661.3945 5957.5039 
N 1117.0617*- -86.3950 502.8008** -231.343.1+ 601.7296** 571.8791** 
P 
-57.3758 17.0425 94.8003+ 142.0756 139.2504* 117.5249+ 
K -131.7508+ 124.5217 106.4-04-9-1- 57.3047 46.8962 -146.0167+ 
NP -7.1858 31.9937 75.4435+ 47.4572 -94.9317* -8.6983 
NK -51.5509 72.7937 79.6135+ 47.2972 -53.2417 -19.0233 
PK 5.2841 53.1837 4-3.0885 -31.3728 25.3783 -63.1033 
m2 
-86.3855 -536.4724** -88.4713 -398.6862+ -109.6109 -317.5732* 
-34.1355 75.3609 80.9454 -287.4362+ 18.9724 -148.8232 
k2 
-4-1.1355 -4.5558 -96.0546 9.6471 93.2224 265.0935++ 
R2 0.85 0.34 0,58 0.30 0.66 0.52 
31 32 33 34 35 36 
bo 6707.6250 7425.6484 5842.5234 6084.2969 3290.7127 4776.0625 
N 1117.3407** 824.0696** 1373,1943** -50.2174 -759.7763** -312.3561** 
P 182.4448* -8.430'+ 219.0276» 120.8451++ -63.8597 19.9148 
K -73.7010 63.7988 70.7776 61.0743 50.9112 91.1439 
NP -11.0636 31.3272 32.2858 -51.6689+ -31.5841 -123.4453* 
m -49.9336 -6.6628 84.OlO&f 133.6211** -67.6991+ 69.6397+ 
PIC 85.1364+ -65.9578+ -65.7542 -30.8589 15.3509 -96.1253+ 
-475.1332** -409.7192** -242.0544+ -244.8770* 43.5003 -364.2957** 
P'- -129.3832+ 102.7808 150.3623+ 6.8730 24.2503 -140.4623» 
K" 273.4501* -40.2192 -65.6377 -39.4603 -98.4997 140.7043+ 
R- 0.85 0.82 0.85 0.50 0.74 0.53 
Table 15. (Continued) 
Variâtes Sites 
37 38 
P 
K 
NP 
m 
PK 
n2 
g 
5778.3594 
-29.8501 
201.7124* 
86.2333 
18.2275 
192.5025** 
-6.3825 
-129.9017 
124.3483 
-147.985m-
4098.1055 
387.2477** 
112.1643+ 
-32.1273 
4.9177 
-79.9623+ 
-44.5873 
-254.3276* 
90.9224 
-11.3276 
0.32 0.52 
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response which increases at a decreasing rate was significant in an 
additional 13 experiments at 0,01 probability level and in two exper­
iments at 0,30 probability level. Positive response which increases at 
an increasing rate was found in two experiments. 
The response to applied P was as follows. Positive and significant 
linear response at 0,05 and 0,10 probability levels was found in two 
experiments and at 0.30 in four experiments. Negative and significant 
linear response at 0,05 and 0.30 probability levels was found in one and 
seven experiments respectively. Positive response which increases at 
a decreasing rate was found in five experiments at 0,30 probability level. 
Negative response at an increasing rate was significant at 0,30 prob= 
ability level in one experiment. 
The response to applied K was as follows. Positive linear response 
at 0.30 probability level was found in four experiments. Negative 
significant response was found in three experiments. Negative response 
which decreases at an increasing rate was found in one experiment at 
0.10 probability levol. 
The effects of NP, NK and PK interactions varied among the experiments. 
In general, the interaction terms were nonsignificant; therefore, no 
2 
attempt will be made to explain them. The R -values for the regression 
of yield on fertilizer variates varied from 0,24 to 0,83, 0,16 to 0,94 
and 0,30 to 0.85 in 1964, 1965 and 1966, respectively, 
C. Effect of Controlled and Uncontrolled Variables on Yield 
A significant treatment by site interaction which was found when 
the experiments were pooled into two groups, plus the R^ -value variation 
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from tho application of the quadratic model to each site separately 
could be considered as an indication that the inclusion of environmental 
factors into the overall model vrould improve the explanation of the 
total yield variation. Bagua experiments were deleted from the two 
groups of experiments because of their lack of temperature data, 
A regression model including all the soil and applied variables 
of Table 5 was applied to the yield data of the two groups of exper­
iments. Using the criteria indicated in the chapter on Experimental 
Plans and Procedures, some variates were deleted. The final regression 
equations including applied soil and temperature variables are given in 
Tables l6, 1?, 18, 19 and 20. 
The R^-value of the regression equation where all the fertilizer, 
temperature, soil and soil x fertilizer variates were included was 
0,645 for the larger group of 1965 and 1966 experiments. The R^-value 
was 0.672 when a similar regression equation was applied to the 1964 
experiment where all the variates mentioned before except the quadratic, 
cubic and quartic distribution variates for minimum temperature were 
applied. These minimum temperatures were deleted because of the loss of 
significant digits in the coefficient of the quadratic distribution 
coefficient for minimum temperature when these variables were included 
in the regression equation. 
Temperature variates were significant in the regression models used. 
The sum of squares explained by mean minimum and distribution coefficients 
for minimum temperature, mean maximum and distribution coefficients for 
maximum temperature and distribution coefficients for maximum and minimum 
temperature together were highly significant. These results are given 
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Table l6. IMultivariate regression equations used to evaluate the effects 
of N, P and K, soil and temperature variables on rice yield 
Relire s sion Number Regression Variates 
Y = f(fertilizer variables, soil 
variables, climatic variables, 
fertilizer x soil) 
Y = f(N, P, K, n, p, k, a, c, K, 
Hp, Mo, Mk, m. mi. rig. mo, mx, 
NP, NK, Pg, n2, p2, k2, A, ng, 
nl{, pN, pp, IcN, kK, aN, cN, a^ , 
nk, kp, PC, ko, ka, c , p*^, k ) 
Y = f(N, P, K, n, p, k, a, c, H, I-L , 
M2, M3, Mk, m, m-j, NP, Nil, PK, 
P^, k2, nN, nP, nK, pN, pP, 
k}I, kK, alJ, cN, a?, nk, kp, pc, 
kc, ka, c^, p^, k^) 
Y = f(N, P, K, n, p, k, a, c, V.. II. 
Mo, M3, %, NP, M, PK, if, F^, 
K^, nN, nP, nK, pN, pP, kN, kK, 
aN, cN, ar, nk, kp, pc, kc, ka, 
c2, p2, k2) 
Y = f(N, P, K, n, p, k, a, c, m, mi, 
mg, mo, m^, NP, NK, PK, N^, P2, 
K^, nN, nP, nK, pN, pP, kN, kK, 
aN, cN, a^, nk, kp, pc, kc, ka, 
c2, p2, k2) 
Y = f(N, P, K, n, p. k, a, c, M, m, 
NP, NK, PK, n2, P ,^ K'^,  nN, nP, 
nK, pN, pp, kN, kK, aN, cN, a^, 
nk, kp, pc, kc, ka, c^, p2, k^) 
Y = f(N. P, K, n, p. k, a, c, K, NP, 
NK, PK, n2, p2, k2, nN, nP, nK, 
pN, pP, kN, kK, aN, cN, a , nk, 
kp, pc, kc, ka, c^, p'^, k^) 
Y = f(N, P, K, n, p. k, a, c, NP, NIv, 
PK, n2, P^, K^, nN, nP, nK, pN, 
pP, kN, kK, aN, cN, a^, nk, kp, 
pc, kc, ka, c^, p"^, k^) 
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Table 17. Statistics for regression equation 2 relating rice yield 
from all plots of pooled 1965 and 1966 experiments to 
controlled and uncontrolled factors of production 
Variate, /, Equation 
Ï = + £ b^ Xi 
50071.1^ 8400^  
N — 6991.058770 - 9.596** 
P 201.770080 2.599** 
K 10.642953 - 0.128 
n 10.809337 1.582+ 
p 42.451957 4.518** 
k 19.964423 - 3.924** 
a 11067.444700 3.370** 
c 1223.041170 1.210+ 
M 134.732620 - 0.429 
Kl 5309.838720 - 0.720 
4 264951.043000 4.206*» 
M. 1993.909240 - 0.009 
m 
18622341.600000 5.846** 
813.487240 4.325** 
mi 20699.894900 - 5.659** 
ffi2 97908.746100 1.352+ 
313557.322000 - 1:5594. 
52456485.700000 5.382** 
KP 2.880325 0.168 
NK 2.357089 - 0.138 
»! 6.597557 - 0.366 280.069142 - 7.911** 
p? 0.429742 0.012 
9.338236 0.264 
nN 1.690353 - 1.033+ 
nP 1.182005 - 0.750 
nK 0.447510 - 0.298 
pN 1.497910 1.347+ 
pP 2.701224 - 2.992** 
kN 0.821172 - 9.693** 
kK 0.112739 1.487+ 
aN .943.559079 11.080** 
cN 559.798424 5.047** 
a^  732.074052 
- 3.539** 
nk 0.007165 0.612 
T^his is bg, the constant in the regression equation. Tables 17-20. 
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Table 17. (Continued) 
Variate,  ^Equation 
Y = b^  + 
Xi bi 
kp 0.014336 - 2.179* 
pc 32.594716 - 5.199** 
kc 3.625346 4.613** 
H 2.081759 3.348** 
c~ 1179.941800 - 2.671** 
P? 0.206686 - 3.294** 
k^ 0.000859 3.920** 
= 0.643 
Table 18. Statistics for regression equation 3 relating rice yield 
from all plots of pooled I965 and 1966 experiments to 
controlled and uncontrolled factors of production 
Variate,  ^Equation 
Y = + £biXi 
i^ bi t 
86439.625000^  
N 7009.858830 - 9.431** 
P 187.933449 2,372* 
K 40.995067 - 0.484 
n 32.363254 5.344** 
P 29.770358 3.227** 
k 20.697922 - 4.056** 
a 9084.041720 2.726** 
c 806.632870 0.839 
M 1171.582610 10.530** 
Ml 21834.512600 6.014** 
M2 5734.502070 - 0.171 
Mr, 807862.872000 8.259** 
1% 9970207.530000 4.179** 
m 1240.183360 8.440** 
™1 31955.233300 - 12.672** 
ÎIP 1.929987 0.110 
NK 2.966438 - 0.170 
Table 18. (Continued) 
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Variats,  ^Equation 
Y ss -f b^^ Xj^  
xi i^ t 
PK 8.021912 - 0.460 
n2 285.654434 - 7.907** 
p? 2.843857 0.078 
K" 4.550171 0,126 
nN 2.229658 - 1.337+ 
nP 1.001347 - 0.622 
nK 0.122160 0.079 
pDT 1.401082 1.234t 
pP 2.552187 - 2.770** 
kl^  0.801919 - 9.283** 
kK 0.148411 1.923H-
aN 946.870780 10.898** 
Ne 564.957772 4.990** 
a 641.124033 — 3»060** 
nk .028167 — 2.662** 
kp .007551 - 1.155f 
pc 36.387604 - 5.881** 
ko 3.642055 4.787** 
ka 2.261791 3.617** 
1090.455450 - 2.457* 
p2 0.116613 - 1.870+4. 
k^  0.000770 3.451** 
= 0.626 
Table 19. Statistics for regression equation 3 relating rice yield 
from all plots of 1964 experiments to controlled and 
uncontrolled factors of production 
Variate,  ^Equation 
Y = bo + ;LbiXi 
% bi t 
31513.359400® 
N 51.829747 0.071 
P 286.857309 3.109** 
K 30.279112 0.275 
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Table 19. (Continued) 
Variate,  ^Equation 
Y = bg + £biXi 
Xi bi 
n 2.8190^ 6 0.344 
P 39.08508$ 3.457** 
k 12.298353 2.396* 
a 2969.121080 - 1.143». 
c 914.750748 1.450+ 
M 1319.088410 3.169*» 
Kl 42932.931400 - 2.ôo7* 
Î-Î2 429224.636000 3.093** 
Ko • 608599.938000 - 0.581 
ri 95299865.100000 - 10.076»* 
m 2435.311820 - 4.319** 
53465.277500 3.545** 
NP 16.372224 - 0.698 
m 13.089843 0.556 
PK 53.831445 - 2.293* 
N2 6.023407 0.125 
P^  68.981788 - 1.420». 
K2 6.161292 - 0.126 
n}I 0.283835 - 0.159 
nP 4.134491 - 2.890** 
nK 2.320446 1.658++ 
pK 1.731298 - 1.411+ 
pP 1.294427 - 2.003* 
kN 0.197294 1.318+ 
kK 0.262578 - 2.215* 
aN 119.670942 1.320+ 
Ng 
a 
235.435025 - 2.087* 
240.320371 1.275f 
nie 0,010526 0.323 
kp 0.013338 - 1.552+ 
pc 15.947685 - 3.213** 
ko 2.170528 - 2.020* 
ka 0.933479 - 1.336+ 
cl 561.769428 4.821** 
pj 0.041702 - 1.369+ 
k2 0.001152 - 0.902 
= 0.669 
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Table 20. Statistics for regression equation 5 relating rice yield 
from all plots of pooled 1965 and 1966 experiments to 
controlled and •uncontrolled factors of production 
Variate,  ^Equation 
Y = 4-
4 H 
N 
p 
K 
n 
P 
k 
a 
c 
m 
1^ 
% 
lîlo 
% 
NP 
NK 
PK 
# 
k2 
nN 
nP 
nK 
pN 
pP 
kN 
kK 
aN 
Nc 
a^  
nk 
kp 
pc 
kc 
ka 
I 
43448.199300& 
3^9.743030 
108.202135 
16.371352 
5.017925 
58.973184 
9.809735 
4975.188890 
2840.288000 
1214.624170 
16648.512200 
150774.309000 
372663.955000 
45794307.800000 
4.827972 
2.459918 
6.061105 
272.473523 
7.765085 
9.651658 
1.423531 
1.052000 
0.207246 
1.712266 
2.696669 
0.808796 
0.120248 
973.204466 
549.412224 
284.673360 
0.012168 
0.013288 
35.489681 
2.005404 
O.8O61O8 
1478.776050 
0.302929 
0.001055 
R2 = 0.609 
- 9.544** 
2.451* 
- 0.189 
0.800 
6.232** 
- I.956++ 
1.512+ 
2.999** 
10.794** 
-12.292** 
2.738** 
3.860** 
11.866** 
0.271 
- 0.138 
- 0.340 
- 7.386** 
- 0.210 
0.261 
- 0.837 
- 0.641 
- 0.132 
1.477+ 
- 2,866** 
- 9.164** 
1.5234-
10.975** 
4.753** 
- 1.372+ 
1.068f 
- 1,964* 
- 5.683** 
2.658»* 
1.3184. 
- 3.310** 
- 4.832** 
4.693** 
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in Table 21 for the pooled 1965 and 1966 experiments. 
Regression equation 2 containing 42 variates was significant at 
0,01 probability Isv'ol when fitted to the pooled I965 and I966 exper­
iments. An R^ -value of 0.643 indicates that 6^  of the variation in 
rice plot yields was accounted for by this equation (Table 17). This 
equation could not be fitted to the 1964 experiments because of the 
problem previously mentioned in the inversion of the matrix. 
Equation J, given in Table 19, which contains the same variates as 
equation 2 with the exception of mg, and fitted the data for the 
1964 experiments. This equation was highly significant at 0,01 prob­
ability level and attained an R~-value of 0.669. 
Equation 3, given in Table I6, was also fitted to the pooled I965 
and 1966 experiments in order to have two similar equations v^ ich could 
be combined for recommendation purposes. This equation given in Table 18 
was also highly significant at 0.01 probability level and attained an 
R^ wyaiue of 0.626. 
Equations 4, 5 and 8 (Table 16) were fitted to the 1964 experiments 
and to the pooled I965 and 1966 experiments. For the I965 and I966 
experiments, the R^ -value for equations in the order above were 0.549, 
0.609 and 0.504. For the 1964 group of experiments, the R^ -values were 
0.657,- 0.603 and 0.559, respectively. 
Equation 5, for the 1965 and I966 pooled experiments, is given in 
Table 20. This equation had a maximum yield solution for both N and P 
for this group of experiments but not for the 1964 experiments. This 
equation will be used for predictive purposes. 
Table 21. Stun of squares and tests of significance for temperature variates affecting the 
response of rice to applied N, P and K over sites 
Number of d. f. due to 83 for the Error d, f. for Variables for F 
Regressions Difference Difference Mean Error which Sum. of 
Compared Square Mean Squares Stand 
Square 
2 - 4  5 329,510,600 1,307.802.38 965 m, , m2, m^ , 50.39** 
1 C
M 
5 116,925,000 1.307.802.38 965 M.Mi,K2,M^ ,M2^  17.88** 
2 - 6  8 490,091,700 1.307,802.38 965 
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Minimum temperature variâtes in the 1965 and I966 pooled group of 
experiments accounted for a greater sum of squares than maximum temperature 
variates in equations where fertiliser, soil and fertilizer by soil terms 
were the same. However, in the 196^  experiments the sum of squares 
accounted for the maximum temperature variates was greater than those 
for the minimum temperature variates. The significant variates were 
the same for the two equations with the exception of variates p and kp 
which were only significant when the maximum temperature variates were 
used. 
Regression equation 5 was used to evaluate the effects of the 
uncontrolled variates on the yield response to applied N, P and K. 
Variates which were considered meaningful according to the criteria 
indicated in the preceding chapter were retained in the model, even 
though their t-values were lower than the t-values corresponding to a 
0.30 probability level. This was done because the partial regression 
coefficients for these variates are the best available for the data and 
their inclusion in the models would contribute to a better characterization 
of the effects. 
A significant response to at a decreasing rate was found for the 
1965 and 1966 pooled group of experiments denoted by a positive coefficient 
for K and a negative coefficient for N^ . The response to P was also at a 
decreasing rate although only the linear coefficient for P was significant 
at the 0,05 level. Response to K was not significant (Table 20). 
Similar responses were found for the 1964 group of experiments (Table 19) 
with the exception that was positive but not significant and a 
significant negative PK interaction existed. 
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A number of interactions between applied fertilizer variates and 
soil test values were found to be significant. The same interactions 
were significant for the 1964 and pooled 19Ô5 and 1966 group of exper­
iments with the exception that interactions nP and nK were significant 
for the 1964 experiments but not for the 1965 and 1966 pooled group of 
experiments. 
The first derivative of yield with respect to N, P or K will give 
tho rato of changG of yiold with respoct to the respective variable. 
Examination of the first derivative equation helps to identify variables 
which affect the response to N, P or K. 
The intercept value for the rate of change equation is the initial 
response to the first,infinitesimal increment of the fertilizer variable. 
Any point on the line is the slope of the response surface at that point. 
The second derivative of a production function gives the factors which 
affect the slope of the rate of change line. The rate of change diagram 
does not indicate the magnitude of the total yield or response. 
The rate of change of yield equations for N, P and K in the I965 and 
1966 pooled experiments using regression equation 5 given in Table 20 
are as follows; 
= - 7239.743 + 4.828P - 2.460K - 544.948N - l,424n (9) 
+ 1.712p - 0.809k + 973.204a + 549.412c; 
$_% = 198.202 + 4.828N - 6.o6ik - 15.530P - 1.052n - 2.697p; (10) 
o P 
and 
= -16.371 - 2.460N - 6.O6IP + 19.304K - 0.207n + 0.120k. (11) 
Rate of change of yield equations for N, P and K in the 1964 group of 
experiments using equation 3 given in Table 19 are as follows: 
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d_ï = 51,830 - 16.372P + 13.089K + 12.046N - 0.284n - 1.731p (12) 
+ 0.197k + 119.671a - 235.435c; 
= 286.857 - 16.372N - 53.831K - 137.964? - 4.134n - 1.294p;(13) 
O * 
and 
Jy = 30.279 + 13.090N - 53.831P - 12.322K + 2.320n - 0.262k. (l4) 
The intercept in the rate of change equations for N is affected by c, 
n, p. k, a, P and K. The intercept for the P rate of change equation 
is affected by n. p. N. and K. Finally, the K intercept is affected 
by n, k, N and P. 
The sign of the coefficients of the terms in the rate of change 
equations gives an indication of the direction of change. In the rate 
of change equation for N in the I965 and 1966 pooled group of experiments, 
soil test N has a negative coefficient indicating that soil N substitutes 
for applied N. A positive soil test P coefficient indicates that the 
response to a unit of nitrogen is greater at high compared to low soil 
test level of P. This effect is illustrated in Figure 3 where the rate 
of change of yield is plotted against applied N at two levels of n and p 
respectively and all other variates at their mean experimental values. 
The soil test values used in the rate of change graphs were arbitrarily 
selected taking into consideration the extremes found in the soil analysis. 
The initial response to applied N is greater at low levels of soil 
N. Negative slope of the rate of change line indicates that the positive 
initial response to applied N was at a decreasing rate. Maximum yield 
occurred at about 180 kg./hectare of applied N. This effect is illus­
trated in Figure %. 
Initial response to applied N appeared favorud'by a high level of 
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soil P. This effect is shown in Figure 3B where soil P levels of 15 pp2ra 
and 50 pp2ra were selected. Also, as in the case of soil N the positive 
initial response to soil F is at a decreasing rate. The rate of change 
equation for applied N at two levels of soil pH is shown in Figure 4. 
Initial response to applied N was greater at pH 8.8 than at 7,0. Maximum 
yield occurred at about 75 kg,/hectare for pH 7.0; it was not reached 
at pH 8,8 within the experimental range of fertilizer applied and occurred 
at about 180 kg,/hectare of N when the average pH value was used (pH 7,95). 
The negative k coefficient and positive c coefficient indicates that 
the initial slope of the response surface would be greater at low compared, 
to high k and high compared to low c, respectively. 
Negative n and p coefficients in the rate of change equation of 
yield with respect to applied P indicates that the initial response to 
applied P is greater at low compared to high n and also a substituting 
effect of soil P for applied P, respectively. Both effects are illus­
trated in Figure 5. 
Response to K application was found to be nonsignificant; therefore, 
no attempt will be made to explain its effect on yield. 
The regression equations for the 1964 experiments did not have 
a maximum for N but they did for P, The effects of n and p on the rate 
of change equation were similar to those in the pooled I965 and I966 
experiments. 
An important application of the production function is its use to 
predict yield for different combinations of the input variables and 
under different conditions imposed by the environmental factors. 
Figure 3. Rate of change of rice yield with respect to applied N at 
two levels of soil N and soil P with all other factors at 
their mean experimental values. 
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Figure 4. Rate of change of rice yield with respect to applied N at 
two levels of soil pH with all other factors at their mean 
experimental values. 
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Figure 5. Rate of change of rice yield with respect to applied P at 
two levels of soil N and soil P with all other factors at 
their mean experimental values. 
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A second degree polynomial including linear by linear interactions 
of the applied fertilizer variables was fitted to the data of 1964 and 
pooled 1965 and I966 experiments. Bagua experiments were included in 
their respective groups. To determine the combinations of N and P to 
attain a certain yield, isoquants were developed using the regression 
equations obtained from the fitting of the second degree polynomial to 
the two groups of experiments. The maps of isoquants depicted in Figures 
6, 75 8 and 9 were developed for combinations of N and P at a fixed 
level of K and holding all the other variates at their mean experimental 
value. The isoquant maps correspond to the pooled 1965 and I966 exper­
iments, 
N appears as the most important factor in determining rice grain 
yield. Yields ranging from 3920 to 5720 kg,/hectare are predicted by 
varying N alone. However, to obtain yields greater than 5.720 kg./hectare 
application of N and P are required (Figure 6), There is no evidence of 
K effect on yield, the maximum yield ranging only a little more than 
100 kg./hectare at different K levels. From Figures 6, 7» 8 and 9 
it appears that increasing the amount of K applied had reduced the amount 
of P necessary to obtain maximum yield; however, no significant inter­
action between the applied fertilizer variables was found. 
Separation of the isoquant curves increases at higher yield levels 
indicating a decreasing return to the input factors. Ridge lines denoted 
by dashed lines limit the rational area where N may be economically 
substituted for P or vice versa. 
Equation 5 appears adequately to describe the relationship between 
yield and the controlled and uncontrolled variables for the pooled I965 
Figure 6. Isoquants for rice yield based on a second degree polynomial ^ including linear by 
linear interactions of the applied K, P and K fertilizer variables at zero applied 
K and all other factors at their mean experimental values for the pooled 1965 and 
1966 data. 
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Figure 7- Isoquants for rice yield based on a second degree polynomial including linear by 
linear interactions of the applied N, P and K fertilizer variables at 40 kg./hectare 
of K2O and all other factors at their mean experimental values for the pooled I965 
and 1966 data. 
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Figure 8, Isoquants for rice yield based on a second degree polynor<n.a3. j-ncluding linear, by 
linear interactions of the applied N, P and K fertilizer variables at 80 kg./hectare 
of K2O and a]_]. other factors at theii' mean experimental values for the pooled I965 
and 1966 data. 
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Figure 9. Iscquants for rico yield based on a second degree polynomial, including linear by 
linear interactions of the applied N, ? and K fertU.izer variables at 160 kg./hectare 
of K2O and all other factors at their mean experimental values for the pooled I965 
and 1966 data. 
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and 1966 experiments and was used to calculate the predicted rice yields 
which are shown in Table 22. In the yield calculations K was considered 
at the zero level and all the other variates at their experimental mean 
values. The predicted yields given in Table 20 were used to draw the 
response surface shown in Figure 10, 
Table 22. Predicted rice yield with various combinations of applied 
N and P 
N 2^^ 5' per hectare 
kg. per hectare 0 40 80 120 I60 
0 4109 4212 4300 4372 4428 
60 5453 5561 5653 5730 5751 
120 6252 6364 6462 6543 6609 
180 6506 6623 6725 6812 6883 
240 6214 6337 6443 6535 6642 
N, as was mentioned before, was the most important factor increasing 
rice yield. The effect of P appears to be greater at high than at low 
levels of applied N. 
The highest yield was obtained with 180 and I60 kg./hectare of N 
and PgO^  respectively. However, the optimum economical level of both 
will depend on the price of rice and the price of the fertilizer nutrients. 
Figure 10. Predicted yield surface of rice as a function of applied 
N, P at zero level of K and all other factors at their 
experimental mean values based on Equation 5 given in 
Table 20. 
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V. SUMMARY AND CONCLUSIONS 
A study of the response of rice to N, P and K fertilizers under 
different environmental conditions was conducted in the coastal and 
Selva Alta regions of Peru from 1964 through 1966. The geographic area 
covered lies between 4° 43' south latitude and 7° 25' south latitude. 
A total of 38 experiments were carried out. Thirteen of these 
experiments were conducted in 1964, 15 in 1965 and 10 in 1966. A double 
cube composite design with one additional chock plot per replication 
was used in all the experiments. In 1964 the levels of N, P and K were 
0, 40, 80, 120 and l60 kg./hectare of N, P20^  and K2O, respectively. 
In 1965 and 1966 the levels of P and K were the same but the levels of 
N were changed to 0, 60, 120, 180 and 240 kg./hectare of N. Transplanted 
rice was used in all experiments. 
Soil samples were taken from the surface soil layer of each plot. 
Soil samples were analyzed for nitrifiable N, available P, exchangeable 
K, organic carbon and pH. The analyses were done on air dry soil samples, 
Maximm and minimum air temperature data were collected from the 
nearest meteorological station to the experimental field. The concept 
of the regression integral developed by Fisher was used to characterize 
the weather data,, 
P and K were applied as a basic fertilizer before transplanting 
and the N was applied in tvio equal doses. The first application was 
made 20.days after transplanting and the second 20 to 25 days before 
heading. The N fertilizer was applied on the water in flooded plots. 
The effect of applied N, P and K on yield response was determined 
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by analyses of variance and regression analyses of each experiment and 
by combined analyses of variance and regression analyses of the experi­
ments grouped into two groups bocauso of their difforsnco in N levels. 
The 1964 experiments were pooled into one group and the 1965 and I966 
experiments pooled into another group. 
Treatment effect was significant In 35 experiments. Treatment by 
site interactions were significant for the two groups of experiments 
which indicates a variation in response to fertilizer treatments among 
sites, 
Significant response to N in yield increases at average level of P 
and K applied was found in 31 experiments. Rice yield response to N which 
increases at a decreasing rate was found in 13 experiments at 0.01 prob­
ability level and in two experiments at O.3O probability level. Negative 
and significant linear response to N was found in three experiments. 
The response to applied P at average level of N and K was as follows. 
Significant response to P in yield increases was found in 11 experiments. 
Positive response which increases at a decreasing rate was found in five 
experiments at O.3O probability level. Negative and significant linear 
response at O.O5 and O.3O probability levels was found in one and seven 
experiments, respectively. 
Response to K at average levels of N and P fertilization was significant 
at 0,30 probability level in four experiments. Negative significant 
response was found in four experiments. 
The effects of NP, NK and PK interactions varied among experiments. 
In general, the interaction terns were not significant. 
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The effect of minimum temperature on yield decreases in the first 
part of the plant growth after transplanting to become important again 
during the heading period and in the last part of the growth period. 
The increase of one additional degree of maximum temperature over the 
mean exerts a beneficial effect on yield in the first and last part of 
the growth period after transplanting. The negative effect of maximum 
temperature was reduced during the heading period. 
Regression models including soil and temperature variates were 
fitted to the yield data. The addition of the soil and temperature 
variates were significant in explaining the total variation of the 
yield data, A final regression model containing 42 variâtes (tenas) 
fitted to the second group of pooled experiments had an R2-value of 
0,643; a similar model but lacking the high order distribution factor 
terms for minimum temperature had an R^ -value of 0,669 when fitted to 
the 1964 group of experiments. Higher order terms for minimum tem­
perature were not included because of problems in the inversion of 
the matrix. 
Response to applied N was greater at low soil nitrogen, high soil 
P and high pH, The response to P was greater at low levels of soil 
N and P, respectively. Response to applied K was not significant, 
Isoquant maps illustrating different combinations for applied N 
and P with the other variates at their mean experimental values are given. 
Uncontrolled environmental factors were significant in explaining 
the variation in rice yields when included in the regression model. By 
means of the study of the rate of change equation the effects of soil 
factors on the response of rice yield to applied N and P were identified. 
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Another important result from this study was the establishment of 
production functions which could be used in the optimal economic form­
ulation of fertilizer to be used on rf.ee for the area covered by this 
study. 
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Table 2]. Grain yield, percent aborted grain, plant height and soil test 
values over all site-years. 
Tint. Grain Aborted Plant Soil Test 
Ko. Yield Grain Hoight n P k PlI C 
(Kg/ha) (2) (m) (pp2m) (pp2ra) (pp2m) m 
Buenos Aires, 1964 
Rep I 
1.46 69 289 1 7113 3.28 153 6.0 1.306 
2 8435 2.83 1.64 55 147 280 6.0 1.358 
3 
4 
8350 2.18 1.52 52 130 259 6.0 1.216 
5675 2.10 1.35 68 150 254 6.0 1.318 
5 6548 6.43 1.70 28 130 275 6.0 1.192 
6 7400 4.08 1.60 23 160 264 6.0 1.255 
7 8225 4.88 1.59 55 153 273 5.9 1.243 
8 7562 3.78 1.62 60 135 244 6.0 1.235 
9 8433 6.63 1.69 42 130 278 6.0 1.145 
10 9988 2.65 1.57 41 118 290 6.0 1.093 
1], 8738 4.35 1.66 42 185 299 6.1 1.275 
12 8668 2.70 1.52 L\-5 188 307 6.2 1.192 
13 
14 
6734 6.28 1.69 23 158 278 6.2 .951 
8507 2.30 1.64 54 128 282 6.0 1.338 
15 7656 2.38 1.66 50 143 265 6.0 1.267 
16 6417 1.03 1.42 46 200 278 6.4 1.125 
17 6511 2.68 1.36 39 143 249 5.9 1.338 
18 9000 2.18 1.59 58 120 269 5.9 1.255 
19 8659 .83 1.42 35 238 317 6.7 1.042 
20 8773 .30 1.66 21 203 264 6.2 1.192 
21 9432 2.43 1.61 48 167 282 6 J. 1.245 
22 , 6388 8.40 1.67 30 200 328 6.8 .809 
23 8443 4.03 1.62 • 45 165 260 6.1 1.184 
24 7895 3.25 1.47 61 155 298 6.0 1.267 
Rep n 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
8179 
7055 
9639 
7796 
1006? 
7781 
7524 
6653 
9893 
8781 
6334 
9199 
9813 
8447 
5.55 
7.45 
4.05 
9.20 
3.58 
5.40 
9.33 
6.35 
1.85 
3.03 
5.68 
2.83 
3.33 
2.20 
1.68 
1.72 
1.65 
1.69 
1.67 
1.73 
1.65 
1.62 
1.60 
1.59 
1.73 
1.54 
1.64 
1.57 
69 
39 
29 
19 
67 
65 
56 
27 
52 
57 
35 
37 
61 
65 
115 
83 
90 
138 
143 
78 
90 
91 
133 
128 
113 
140 
128 
130 
292 
2?6 
276 
267 
278 
247 
214 
231 
259 
286 
277 
287 
266 
276 
5.5 
5.5 
5.5 
6.2  
5.5 
5.4 
6.0  
5.9 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
l.ii4l 
1.231 
1.362 
1.121 
1.401 
1.223 
1.224 
1.141 
1.283 
1.464 
1.263 
1.401 
1.342 
1.524 
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Table 23. (Continued) 
Hnt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k pll C 
(Kg/ha) CO (m) (pp2m) (pp2iu) (pp2m) CO 
15 #05 3.33 1.67 26 98 298 5.5 l.'Al 
16 5450 1.68 1.26 60 138 273 5.5 1.441 
17 8701 3.83 1.63 24 80 176 5.5 1.062 
18 8818 2.70 1.60 29 135 305 5.5 1.421 
19 8778 2.88 1.66 42 98 265 5.5 1.401 
20 6894 6.58 1.65 - 28 67 189 5.5 1.180 
21 ' 9880 4.19 1-68 55 140 269 5.5 1.480 
22 8048 5.48 1.73 67 123 267 5.5 1.602 
23 6018 4.98 1.65 95 222 6.0 1.251 
24 7428 2.73 1.59 29 89 301 5.5 1.492 
Granja Tejodores, 1964 
Rep I 
164 1 3533 1.14 29 808 6.4 .829 
2 2?44 1.28 37 218 1056 6.2 1.031 
3 2406 1.36 23 213 1024 6.4 .971 
4 4800 1.26 23 140 914 6.5 .888 
5 4996 .90 27 i/^a 984 6.5 .829 
6 684^+ 1.25 26 186 908 6.5 .809 
7 6o44 1.23 26 180 986 6.8 .718 
8 5450 1.37 37 172 886 6.4 .928 
9 5756 1.32 21 170 910 6.7 .748 
10 3033 .98 28 174 816 6.4 .819 
11 4350 1.31 33 160 924 6.3 1.011 
12 5111 .95 29 176 1046 6.5 .849 
13 3772 .94 39 174 1026 6.2 .890 
14 5600 1.00 36 156 870 6.5 .920 
15 5383 1.00 34 180 1272 6.5 .809 
16 2389 .99 35 184 938 6.4 .991 
17 4294 1.08 30 162 966 6.2 .829 
18 4289 .88 30 150 972 6.3 1.000 
19 3311 .93 41 176 866 6.4 .890 
20 5422 1.28 31 175 923 6.5 .817 
21 3894 1.14 150 914 6.5 .89? 
2% 5478 1.38 24 174 910 6.7 .768 
23 4456 1.40 37 215 1022 6.5 .930 
24 3556 1.14 28 162 1014 6.5 .837 
Rep II 
1 4094 1.08 31 170 864 6.4 
.839 
2 2444 1.00 26 168 1012 6.4 .819 
3 2561 .98 18 155 766 6.6 .839 
4 1906 
.93 19 162 954 6.4 1.100 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Tost 
No. Yield Grain Hoifiht n P k pli c 
(Kg/ha) if.) (m) (pp?,m) (pp2m) (pp2m) 
5 5217 1.28 23 195 720 6.4 .900 
6 53^14 1.36 19 183 739 6.3 1.000 
7 5433 1.26 9 195 1016 6.6 .8it9 
8 6106 1.38 29 200 974 6.4 .839 
9 3683 1.14 35 148 774 6.5 1.080 
10 3233 1.00 28 205 996 6.3 .870 
11 • 5661 1.37 23 183 856 6.7 .870 
12 46)3 1.28 33 183 787 6.1 .980 
13 5511 1.23 34 213 940 6.2 .799 
14 5750 1.25 16 178 773 6,6 .859 
15 5961 1.14 22 158 878 6.5 .799 
16 2178 .88 . 28 14^4 727 6.3 .729 
17 3578 .90 23 174 828 6.4 .879 
18 2544 .96 22 215 1068 6.3 1.040 
19 1761 .94 33 190 680 6.2 .900 
20 5450 1.31 20 168 888 6.3 .779 
21 ki'Ak 1.14 34 176 1296 6.3 .939 
22 3772 1.40 22 203 749 6.2 .950 
23 5090 1.32 33 193 808 6.4 .709 
24 2648 .99 22 203 1080 6.5 1.100 
Golondrinas, 1964 
Rep I 
649 1 3914 3.50 1.19 37 37 8.0 .474 
2 6804 2.93 1.25 45 51 690 7.7 .592 
3 5722 2.78 1.25 36 40 694 7.9 .545 
4 4749 4.18 1.18 30 40 636 7.8 .73/+ 
5 7602 2.83 1.40 38 50 743 7.6 .612 
6 7785 2.80 1.45 24 51 770 7.7 .474 
7 6652 2.78 1.40 37 43 725 7.8 .604 
8 9272 3.15 1.50 41 52 753 7.7 .655 
9 7255 2.63 1.35 18 61 717 7.4 .675 
10 3801 2.18 1.09 42 39 645 7.8 .592 
].l 9310 2.58 1.55 31 56 711 7.6 .553 
12 8O5I 5.53 1.45 21 56 752 7.7 .592 
13 4218 3.50 1.45 48 4-5 711 7.8 .833 
14 7597 1.78 1.35 22 51 738 7.7 .493 
15 8078 5.15 1.40 32 51 831 7.8 .493 
16 5059 3.25 1.20 10 52 726 7.7 .474 
17 5023 1.68 1.20 31 40 707 7.7 .734 
18 5748 1.83 1.15 35 53 659 7.5 .695 
19 5010 1.80 1.12 28 52 748 7.8 .513 
20 9983 2.13 1.68 24 52 743 7.8 .513 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Tost 
No. Yield Grain Hcipiht n P k PH c 
Kg/ha) (fO (m) (pp2m) (pp2m) (pp2m) CO 
21 9656 2.38 1.60 28 50 762 7.5 .493 
22 9159 2.83 1.60 41 52 641 7.7 .655 
23 6787 3.23 1.49 31 38 664 8.0 .572 
?Â 2233 3.00 1.00 37 40 700 8.0 .655 
Rep II 
1 6719 3.38 1.28 28 63 778 7.5 .592 
2 $633 2.48 1.18 34 59 '^.0 7.5 .553 
3 6157 1.95 1.30 30 61 771 7.2 .635 
4 6444 1.93 1.38 26 68 834 7.6 .584 
5 9065 4.13 1.58 24 61 792 7.6 .505 
6 6666 2.90 1.28 4" 50 644 ' 7.6 .793 
7 7831 1.88 1.40 31 65 790 7.6 .474 
8 8382 3.05 1.52 4^1- 67 726 7.1 .635 
9 6801 2.85 1.32 53 70 706 7.5 .754 
10 5113 2.60 1.20 31 69 716 7.1 .655 
11 9985 3.43 1.68 29 70 807 7.3 .635 
12 7548 2.78 1.38 41 55 735 7.7 .612 
13 7281 4.43 1.48 29 71 785 7.2 .612 
14 4688 2.53 1.25 • 50 60 787 7.7 .872 
15 6403 2.70 1.38 29 62 8O6 7.7 .584 
16 6019 2.15 1.28 37 62 692 7.2 .695 
17 5396 2.55 1.22 33 67 757 7.2 .675 
18 3673 4.08 1.05 44 57 791 7.7 .655 
19 3862 2.58 1.15 42 67 704 7.5 .683 
20 9601 2.98 1.55 47 69 700 7.2 .663 
21 7834 3.50 1.62 51 64 737 7.1 .714 
2? 9813 4.13 1.62 29 69 811 7.6 .474 
23 8969 1.73 1.58 42 63 792 7.3 .714 
24 5099 2.95 1.15 16 61 741 7.5 ,805 
San Jacinto, 1964 
Rep I 
86 24 1 5028 2.13 1.15 520 7.3 1.701 
2 4536 3.13 1.19 7 36 746 7.2 1.149 
3 58/!-]. 1.48 1.22 20 32 734 7.3 1.520 
4 4654 1.30 1.16 43 30 629 7.2 1.610 
5 6765 1.85 1.34 60 48 800 7.2 1.622 
6 5962 2.05 1.30 32 39 688 7.4 1.602 
7 7208 2.28 1.38 41 31 623 7.2 1.583 
8 6968 2.08 1.43 53 25 449 7.5 1.149 
9 5640 1.85 1.20 33 33 641 6.9 1.259 
10 5366 2.53 1.10 40 45 704 6.7 1.492 
Table 23. (Continued) 
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Tint. Gr.i.in Aborted Plant Soil Test 
Mo. Yield Grain îloight n P k PH G 
(Kg/ha) C/O (m) (pp2m) (pp2m) (pp2ra) (") 
11 7717 1.35 1.38 45 28 583 7.0 1.713 
12 6218 2.30 1.28 41 48 83^1. 6.7 1.591 
13 5478 1.65 1.27 37 30 638 7.2 1.512 
].4 6756 1.93 1.28 37 ^16 739 6.7 1.504 
15 7206 1.55 1.23 49 43 646 6.9 1.449 
3.6 4138 2.58 1.13 52 32 619 7.2 1.622 
17 3668 3.78 1.09 67 39 667 7.3 1.733 
18 4543 i.73 1.14 50 29 616 7.3 1.662 
19 3874 1.50 1.01 4'6 27 580 7.3 1.693 
20 6779 1.90 1.33 37 26 492 7.4 1.531 
21 8I52 2.00 1.41 30 33 741 7.1 1.299 
22 9642 1.28 l.'i6 38 40 661 7.1 1.472 
23 7420 1.53 1.41 60 38 650 7.1 1.441 
24 4108 2.70 1.07 34 41 8O3 7.0 1.259 
Rep II 
49 1 6684 2.35 1.31 48 620 6.9 1.460 
2 4578 3.10 1.09 60 40 716 7.1 1.295 
3 6211 1.75 1.18 48 45 681 6.8 1.295 
4 5592 1,90 1.26 45 47 807 7.4 1.214 
5 6778 2.60 1.35 28 60 858 7.1 1.378 
6 5927 2.75 1.31 36 55 826 7.0 1.113 
7 6245 3.55 1.44 49 43 755 6.9 1.295 
S 7064 2.45 1.35 44 49 776 6.8 1.235 
9 5605 .73 1.28 42 36 860 7.3 1.216 
10 5671 2.50 1.08 66 46 602 7.0 1.417 
11 9305 2.23 1.53 41 48 790 7.0 1.358 
12 6066 2!80 1.23 42 50 7^19 7.1 1.176 
13 6363 2.55 1.20 56 40 802 7.2 1.156 
14 6244 2.83 1.20 78 57 673 6.7 1.105 
15 6135 3.30 1.30 41 40 696 7.2 1.295 
16 3641 1.55 1.05 66 44 633 7.0 1.318 
17 3455 2.13 1.02 54 41 777 7.4 1.366 
18 5184 2.98 1.16 41 42 635 7.2 1.267 
19 3906 2.33 1.02 44 53 773 6.9 1.133 
-^0 7366 2.85 1.46 40 42 605 6.9 1.397 
21 8246 3.10 1.44 26 42 754 7.0 l.?95 
22 8729 3.05 1.52 29 50 718 7.1 I.3116 
23 6440 2.70 1.30 71 43 649 7.3 1.306 
24 4665 3.83 1.10 35 43 784 7.6 1.156 
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Table 23. (Continued) 
Tint. Grain Aborted Plant Soil Tost 
No. Yield Grain Heip:ht n P !c PH c 
(Xg/ha) (•;') 0.1) (pp2n) (pp2in) (pp2m) 
Grimanoza, 1964 
Rep I 
7.6 1 5733 1.63 1.12 57 78 838 1.034 
2 7246 1.20 1.26 31 57 878 7.6 .939 
3 4331 1.78 1.21 88 64 873 7.5 1.105 
k 7978 1.10 1.36 3^ 56 800 7.7 1.074 
5 8577 1.48 1.40 29 57 786 7.6 .912 
6 9071 1.18 1.37 33 51 668 7.6 .999 
? 6874 1.48 1.46 86 61 861 7.6 1.172 
8 9027 1.48 1.38 L16 65 820 7.7 .920 
9 8618 1.88 1.39 37 50 915 7.9 1.054 
10 6630 1.20 1.32 49 63 856 7.6 .900 
11 8038 1.13 1.43 32 64 924 7.6 .880 
12 7981 1.85 1.21 73 70 797 7.6 1.034 
13 • 4044 1.28 1.20 46 65 902 7.6 1.034 
14. 6199 2.08 1.35 18 60 829 7.6 1.085 
15 6133 .95 1.27 41 53 895 7.6 .959 
16 5544 1.15 1.19 31 65 932 7.6 1.074 
17 5829 1.25 l.'O 43 52 899 7.6 .860 
18 6238 .98 1.28 29 64 799 7.7 .880 
19 3724 1.43 1.07 61 50 892 7.5 1.034 
20 9004 1.08 1.51 69 59 890 7.6 1.113 
21 8795 1.68 1.48 26 65 858 7.7 .880 
22 7536 1.38 1.57 25 58 799 7.6 1.054 
23 7564 1.20 1.38 55 63 933 7.6 1.074 
2h 5962 1.13 1.13 34 63 893 7.7 .967 
Rep II 
1 6633 1.80 1.37 73 63 852 7.5 1.583 
?, 7^ 95 1.80 1.33 41 78 8Ô8 7.6 1.445 
3 0,900 1.25 1.12 52 64 762 7.5 1.421 
4 6^02 1.23 1.31 72 59 752 7.6 1.362 
5 8320 1.48 1.45 69 71 8O5 7.5 1.484 
6 6333 1.83 1.42 85 72 769 7.5 1.484 
7 8286 1.53 1.41 54 69 867 7.7 1.563 
8 7868 1.40 1.57 85 61 681 7.6 1.&46 
9 8954 1.65 1.39 49 79 828 7.5 1.543 
10 5286 1.90 1.17 63 66 893 7.6 1.381 
11 9144 1.45 1.51 69 54 704 7.5 1.445 
12 9360 1.18 1.41 82 68 842 7.6 1.401 
13 7639 1.53 1.42 105 56 654 7.6 1.484 
14 8014 1.25 1.47 104 51 756 7.5 1.381 
15 8359 1.65 1.41 84 68 772 7.6 1.421 
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Table 2]. (Continued) 
Tint. Grain Aborted Plant Soil Tost 
Mo. Yield Grain Height n P k Pîl C 
(Kc/ha) (") (m) (pp2m) (pp2n) (pp.2n) (;0 
16 7?74 1.18 1.39 91 67 738 7.5 1.(87 
17 36#t 1.38 1.11 71 72 909 7.6 1.421 
18 8913 1.23 1.35 78 77 753 7.5 1.737 
19 3983 1.28 1.21 36 68 883 7.5 1.614 
20 9454 1.20 1.55 50 46 640 7.5 1.362 
•^.1 10668 ?. .23 1.58 95 60 727 7.6 1.666 
22 9664 1.45 1.42 5'i- 67 847 7.5 1.393 
23 10576 2.25 1.51 82 47 661 7.5 1.283 
5565 2.10 .99 80 66 639 7.3 1.7%^ 
Tavara . 1964 
Rep I 
1 4900 2.95 1.16 36 35 440 8.1 .947 
2 k-yi-6 2.80 1.16 49 40 365 8.7 .742 
3 3954 2.43 1.12 51 38 520 8.0 1.188 
5573 2.90 1.20 36 45 395 8.2 .935 
5 6665 3.25 1.32 63 48 444 8.1 .785 
6 5398 2.48 1.20 29 35 359 7.9 1.046 
7 68C6 2.93 1.29 33 50 414 8.0 1.006 
8 6847 3.20 1.33 41 28 278 8.0 .947 
9 4968 3.20 1.26 47 35 (#8 8.0 1.089 
10 3246 3.20 1.06 45 40 376 8.1 .916 
11 6798 .25 1.3'+ 33 40 420 8.2 . 864 
12 4853 3.25 1.15 30 40 422 8.1 .876 
13 5261 3.33 1.19 23 35 409 8.2 1.026 
1^ 561? 3.83 1.21 31 33 374 7.7 1.006 
15 5457 3.10 1.18 30 40 407 8.2 .oi'S 
16 2990 2.53 1.14 27 35 430 8.0 1.168 
17 2663 2.93 1.01 44 i;-8 440 8.1 1.070 
18 3614 2.95 1.09 25 i|-3 394 8.2 .774 
19 3418 3.58 1.07 51 38 361 8.4 .837 
20 7065 4.85 1.33 45 48 415 8.2 .884 
21 5941 1.88 1.29 36 50 454 8.1 .967 
22 5632 2.75 1..21 20 35 410 8.2 1.046 
23 6604 3.88 1.25 29 50 452 8.0 .947 
2506 2.95 1.00 46 65 497 7.9 1.006 
Rep II 
1 3007 4.23 1.08 35 10 4o6 8.2 .920 
2 3920 2.93 1.10 43 9 470 8.0 1.097 
3 3559 2.83 1.10 36 11 458 8.0 .959 
4 4019 2.53 1.12 39 33 465 7.8 1.208 
5 4693 3.03 1.25 67 18 635 8.0 1.338 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield drain Height n P k PH C 
(I\p;/ha) (;6) (m) (pp2m) (pp2m) (pp?.m) 
6 520?. 3.50 1.17 16 35 512 8.1 .841 
7 5703 4.38 1.21 37 12 464 7.8 .880 
8 40j0 3.50 1.20 45 16 418 7.8 .920 
9 4540 4.33 1.12 30 9 495 8.0 .920 
10 2983 3.23 1.00 40 35 525 7.9 1.100 
11 6275 2.85 1.32 42 12 39s 7.9 1.220 
12 4387 3.28 1.18 36 9 376 8.1 .9"0 
13 48)1 3.10 1.15 57 10 514 8.0 1.018 
14 4475 5.03 1.13 - 28 35 520 8.1 .841 
15 4310 2.55 1.09 36 38 562 7.8 1.326 
16 3269 3.70 .99 33 33 459 7.8 .908 
17 3194 3.33 1.07 28 35 420 8.2 .651 
IS 2953 4.18 1.06 31 35 476 7.7 1.208 
19 4198 3.70 1.11 34 33 422 8.1 .801 
20 4681 2.58 1.22 12 403 8.0 .149 
21 5071 3.28 1.24 25 9 434 8.0 .758 
22 5998 4.35 1.29 27 3 394 8.3 .841 
23 6608 3.83 1.21 26 35 519 7.9 .058 
24 2819 2.93 1.10 35 7 461 8.1 .089 
Tablazos, 1964 
Rep I 
446 1 3653 2.08 1.20 57 12 7.9 .817 
2 6377 3.03 1.24 82 15 533 7.8 .817 
3 5942 2.63 1.37 35 13 362 7.7 .695 
4 5933 3.25 1.43 113 18 448 7.8 1.199 
5 5483 2.03 1.32 49 7 332 7.7 .596 
6 8900 5.83 1.63 66 17 484 7.7 1.101 
7 7381 6.13 1.45 64 18 587 7.7 1.101 
8 7948 3.43 1.56 89 15 251 7.8 .959 
9 5468 3.23 1.53 66 19 550 7.8 1.018 
10 6168 1.83 1.02 70 8 368 7.7 .675 
11 8235 1.88 1.35 46 8 314 7.8 .410 
12 6007 3.08 1.52 96 18 405 7.9 1.160 
13 7971 1.35 1.4^ 116 15 471 7.8 1.038 
14 8337 2.85 1:43 39 14 287 7.8 .655 
15 6320 2.43 1.51 70 16 363 7.9 .999 
16 4086 2.25 1.38 62 14 421 7.7 .856 
17 6313 2.25 1.23 97 18 428 7.8 1.137 
18 5808 2.98 1.34 103 21 570 7.8 1.180 
19 4393 1.35 1.20 38 9 309 7.8 .533 
20 5998 5.15 1.56 69 18 468 7.8 1.176 
21 7530 3.23 1.42 81 15 494 7.7 .896 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Tost 
No. Yield Grain Height n P k PH G 
(Kg/ha) (?) On) (pp2m) (pp2m) (pp2m) (^) 
22 7880 6.13 1.48 94 18 415 7.9 1.058 
23 7199 2.50 1.44 50 11 378 7.7 .655 
24 4409 1.73 1.15 47 9 392 7.7 .675 
Rep II 
1 .5795 3.13 1.52 81 IS 429 7.8 1.078 
0 7857 2.10 1.43 108 17 487 7.8 .916 
3 4354 '\53 1.21 56 6 397 7.8 .655 
4 7212 3.93 1.49 78 14 430 7.8 1.018 
5 7476 5.08 1.49 66 24 504 7.8 .939 
6 5348 1.90 1.36 46 11 391 7.8 .734 
7 10249 2.28 1.31 5^ 6 44-0 7.8 .714 
8 10445 2.75 1.29 32 5 393 7.7 .635 
9 7232 3.13 1.26 22 7 411 7.7 .616 
10 5979 2.45 1.27 63 20 521 7.8 1.038 
11 8748 4.50 1.57 83 15 414 7.8 1.121 
12 6437 2.35 1.20 42 9 321 7.8 .572 
13 6?4l 3.40 1.52 82 15 454 7.7 1.018 
14 6493 3.48 1.46 55 20 518 7.8 1.101 
15 6392 4.03 1.40 53 22 535 7.8 1.200 
16 5256 3.15 1.31 63 20 421 7.8 .979 
17 6158 1.83 1.36 57 13 396 7.7 .876 
18 5324 3.13 1.14 44 9 335 7.7 .553 
19 5958 3.38 1.38 59 23 533 7.7 1.101 
20 7658 4.20 1.39 4-6 15 439 7.8 .916 
21 6631 4.85 1.36 38 23 469 7.8 .999 
22 7998 4.13 1.55 17 370 7.7 .979 
23 7968 4.53 1.56 57 18 393 7.7 1.078 
24 5770 3.25 1.29 56 20 489 7.8 1.101 
Tuman, 1964 
Rep I 
1 7917 2.55 1.32 51 30 1215 8.0 1.192 
7. 5028 1.83 1.24 4.3 35 1293 8.4 .983 
3 8368 2.00 1.47 19 21 824 8.0 1.078 
4 5908 1.75 1.18 57 49 1075 8.0 1.287 
5 9148 3.18 1.43 38 73. 1307 8.7 .904 
6 6450 2.53 1.34 54 20 1292 8.4 1.097 
7 8485 2.13 1.52 47 20 699 8.0 1.192 
8 7619 1.45 1.45 56 21 929 8.0 1.137 
9 8093 2.33 • 1.47 47 29 1259 8.7 1.153 
10 4601 1.85 1.13 46 54 1346 9.0 .849 
11 7916 1.45 1.36 50 35 830 8.1 1.267 
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Table 23. (Continued) 
Tmt, Grain Aborted Plant Soil Test 
No. Yield Grain Hoi^^ht n P k PK C 
(Kg/ha) (;i) Ou) (pp2m) (pp2m) (pp2m) (/O 
1?. 6978 2.70 1.37 36 27 1001 8.0 1.058 
13 5'J^O 4.4s 1.15 58 80 1441 8.5 1.385 
14 6159 3.13 1.27 4.': 47 1343 9.0 1.003 
15 7830 1.13 1.32 49 23 1055 8.3 1.117 
16 j)127 3.7,5 1.35 61 1320 8.5 1.192 
17 4:::87 2.80 1.08 4': 80 1465 8.3 1.117 
18 7841 2.60 1.32 17 22 920 8.0 1.058 
19 5589 1.60 1.28 83 32 1200 8.5 1.038 
20 8912 2.88 1.46 30 24 902 8.0 1.058 
P.l 7985 3.13 1.42 62 66 1293 9.0 1.058 
?2 9215 1.53 1.39 64 31 1287 8.0 1.078 
?3 9438 2.08 1.44 70 28 1155 8.1 1.267 
?.4 6?77 1.23 1.23 43 20 1346 8.5 1.172 
Rep II 
681 1 6646 1.78 1.24 21 22 8.0 .983 
2 4027 1.80 1.13 16 25 945 8.3 1.058 
3 7037 2.10 1.06 52 78 1460 8.6 1.389 
ip 6269 .95 1.23 29 33 1037 . 8.5 1.097 
5 6443 2.53 1.37 28 21 725 8.0 1.058 
6 469'' 2.58 1.19 51 59 954 8.0 1.267 
7 6862 3.08 1.32 32 24 1168 8.7 .963 
8 56?.8 2.33 1.21 36 73 1081 8.3 .809 
9 5218 2.33 1.17 28 29 1052 8.5 .943 
10 674 2.08 1.33 21 28 802 8.2 .963 
11 6143 1.63 1.35 13 30 753 8.0 .9-4 
12 4488 3.95 1.20 15 38 875 8.1 .789 
13 5665 2.50 1.20 15 28 936 8.3 1.038 
14 4893 2.43 1.20 42 90 1341 8.7 1.^ .87 
15 6388 1.63 1.22 40 69 917 8.1 1.078 
16 4568 2.48 l.OÔ 51 99 1164 8.1 .884 
17 4879 2.;3 1.11 24 24 1000 8.0 .924 
18 4557 1.00 1.09 40 22 1058 6.5 1.018 
19 3868 1.53 1.10 37 122 1552 8.5 .963 
20 7748 2.15 1.38 24 42 926 8.0 .924 
21 7671 3.05 1.31 27 22 1120 8.8 .983 
0-, 8763 1.95 1.31 23 35 1079 8.2 1.192 
23 7342 2.45 1.43 27 30 978 8.7 .963 
24 6042 1.83 1.17 20 22 917 8.3 1.003 
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Table 23. (Continued) 
Tint. Grain Aborted Plant Soil Test 
No, Yield Grain Height n P k PH c 
(Kg/ha). Câ). (m) (ppP.Bi) (pp2rti) (pp2m) 00 
Catalina, 1964 
Rep I 
1 5645 .2.48 1.17 24 9 807 8.1 1.143 
2 3571 2.10 1.02 23 13 779 8.0 .930 
3 3172 2.20 1.01 15 12 838 8.1 1.000 
ii- 3191 2.10 .94 38 13 876 ' 8.1 1.123 
5 '?173 2.18 1.26 3? 8 762 8.0 1.396 
6 2 , 2 8  .99 29 13 835 8.1 1.173 
7 654-8 2.15 1.20 34 9 822 8.0 1.183 
8 4982 2.55 1.09 32 11 820 7.9 1.254 
9 7239 ' 2.10 1.14 65 11 690 7.9 1.416 
10 3997 2.23 1.02 29 10 700 8.0 1.386 
11 8533 ' 2.53 1.23 77 10 709 8.0 1.619 
12 5068 1.83 1.11 43 11 796 7.9 1.497 
13 21^ 39 1.93 1.07 74 10 842 8.0 l,4'+6 
14 6293 2.68 1.14 52 12 765 8.0 1.558 
15 5703 2.03 1.14 17 8 800 8.0 1.112 
16 3896 2.45 1.00 77 10 783 8.1 1.467 
17 2712 2.55 . .94 64 10 769 8.0 1.558 
18 4509 2.35 1.10 99 9 688 8.1 1.548 
19 2641 2.65 .93 31 10 808 7.9 .930 
20 6233 2.40 1.13 29 7 835 8.0 1.304 
21 5559 2.15 1.00 43 9 870 8.1 1.386 
22 6948 2.53 1.21 43 11 838 7.9 1.335 
23 8518 2.30 1.17 48 11 807 8.0 1.436 
24 2276 2.98 .87 41 12 839 8.0 1.396 
Rep II 
1 4688 2.53 1.09 41 11 802 8.0 1.371 
? 3618 1.35 1.05 22 10 818 8.0 1.391 
3 5030 2.33 1.11 57 9 774 8.0 1.698 
4 3943 2.48 1.04 26 8 795 8.0 1.470 
5 4943 4.43 1.09 29 10 854 8.0 1.550 
6 6014 1.93 1,21 42 9 812 8.0 1.342 
7 4758 2.98 1.10 56 11 010 8.0 1.342 
8 67 ?4 2.53 1.34 79 7 706 8.1 1.510 
9 5442 2.48 1.17 24 10 767 8.0 1.355 
10 .2473 3.08 .95 29 11 812 8.0 1.391 
11 7903 2.90 1.34 • 30 7 779 8.0 1.431 
12 5733 2.53 1.18 43 7 827 8.0 1.411 
13 5237 2.20 1.15 74 8 810 8.0 1.411 
14 6295 2.50 1.04 25 10 820 8.0 1.460 
15 5197 2.13 1.18 38 8 783 8.0 1.411 
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Table 23. (Continuod) 
Tmt. Gi'âin Aborted Plant Soil Test 
No a Yield Grain Height n P k PH G 
(Kg/ha) (/^ ) (bi) (pp2n) (pp2m) (pp2m) 
].6 2554 2.43 1.05 25 8 758 8.0 1.302 
17 2995 2.25 .98 38 11 830 8.0 1.391 
18 3131 3.15 1.00 33 9 797 7.9 1.649 
19 27.53 3.55 .97 20 13 782 8.0 1.371 
20 5579 2.50 1.25 31 8 802 7.9 1.609 
?1 5652 1.93 1.15 31 14 833 7.9 1.451 
92 73.16 2.80 1.33 74 9 713 8.1 1.401 
:?3 ?y69 2.45 1.40 7 725 7.6 1.411 
24 2/^ 56 2.55 .93 32 10 882 7.9 1.470 
La Granja, 1964 
Rep I 
1 8020 2.35 1.43 127 4 692 8.0 2.216 
2 8449 2.80 1.40 111 7 804 7.9 2.3/46 
3 5439 1.65 1.14 120 3 469 8.0 1.974 
4 5945 1.45 1.18 126 4 575 8.0 2.306 
5 6971 1.68 1.23 73 5 647 8.0 2.135 
6 8158 5.68 1.32 90 3 710 8.0 2.165 
7 7708 2.23 1.28 111 6 609 8.0 2.185 
8 7289 1.83 1.27 156 2 706 8.0 2.085 
9 8678 1.68 1.43 159 5 608 8.0 2.266 
10 6324 2.40 1.00 49 4 530 8.0 1.803 
11 7626 2.05 • 1.37 153 4 627 8.0 1.984 
12 6693 1.88 1.24 116 3 524 8.0 1.93^ 
13 5663 1.03 1.15 87 7 644 8.0 2.185 
14 6148 1.68 1.19 136 5 698 8.0 2.055 
15 6935 1.30 1.22 66 3 515 7.9 2.095 
16 6480 1.93 1.22 167 3 544 8.0 1.854 
17 7652 2.70 1.34 88 7 684 7.9 2.135 
18 5313 1.30 1.11 52 4 639 8.0 2.246 
19 4969 1.90 1.15 118 4 609 8.1 1.894 
20 6362 2.35 1.19 81 5 600 8.0 2.155 
21 8545 1.48 1.31 73 3 475 8.0 2.062 
22 6728 2.35 1.22 107 4 587 8.0 2.125 
23 7759 2.35 1.27 165 4 1074 7.9 2.417 
24 4223 1.53 1.10 105 4 718 8.0 2.055 
Rep II 
1 7188 1.30 1.12 79 3 499 8.0 1.758 
2 8671 2.05 1.39 107 3 686 8.0 2.437 
3 7558 2.00 1.32 57 7 552 8.0 2.196 
4 5134 1.75 1.10 86 4 556 8.0 1.930 
5 7^ 9 1.75 1.28 66 3 638 8.0 2.377 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield 
(Kg/ha) 
Grain ( i )  Height (m) 
n 
(pp2m) 
P (pp2m) 
k 
(pp2m) 
PH c 
(/O 
6 5279 1.35 1.14 75 3 9^ 8.0 1.923 
7 9041 2.20 1.38 79 6 615 7.9 2.3^  
8 6004 1.85 1.19 87 4 519 8.1 2.528 
9 5923 1.88 1.16 130 3 547 8.0 1.984 
10 7573 1.53 1.31 145 3 6o4 7.9 2.206 
11 .5957 1.28 1,14 93 4 529 8.2 2.075 
1'" 60% 1.55 1.21 78 4 586 8.0 2.226 
13 5938 2.13 1.18 113 3 636 8.2 2.024 
lU 5148 1.40 1.14 89 4 489 8.0 1.914 
15 7358 1.63 1.34 74 4 676 7.9 2.467 
ID 5094 1.53 1.12 88 5 559 7.9 2.095 
17 5223 1.80 1.11 90 3 557 7.9 2.024 
18 4575 1.88 1.09 63 5 449 8.1 1.652 
19 5348 2.05 1.16 141 4 4l4 8.0 1.874 
20 7570 1.03 1.28 74 5 655 8.0 2.024 
2 1  10389 2.28 1.51 130 4 656 8.0 1.944 
22 8I60 2.05 1.36 95 3 507 8.0 2.125 
23 6578 1.75 1.22 157 3 648 8.1 2.049 
24 3685 2.10 1.00 58 5 488 8.0 2.397 
Limoncarro, 1964 
Rep I 
1 6517 2.25 57 26 268 8.0 1.240 
2 67O8 1.50 57 12 304 8.0 1.240 
3 7693 1.25 74 23 328 8.1 1.181 
4 6866 1.50 62 10 313 8.0 1.180 
5 11013 2.25 33 20 308 8.0 1.333 
6 9215 3.00 72 18 314 8.1 1.282 
7 10722 2.75 37 7 306 8.2 1.272 
8 9488 2.00 34 9 292 8.0 1.240 
9 9849 1.00 27 11 285 7.9 1.210 
10 7482 2.00 49 9 311 8.2 1.262 
11 9778 3.50 61 7 363 8.2 1.303 
12 8334 1.00 36 7 249 6.1 1.260 
13 8586 1.50 91 7 328 8.1 1.252 
14 8250 1.25 63 9 309 8.0 1.310 
15 8642 2.50 32 25 304 8.0 1.211 
16 4705 1.50 55 14 312 8.0 1.240 
17 5363 2.25 28 20 294 7.9 1.230 
18 5407 2.00 59 14 326 7.9 1.282 
19 6928 1.50 50 11 316 8.4 1.262 
20 9450 2.50 56 10 303 7.9 1.260 
21 9986 1.25 45 11 324 7.9 1.200 
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Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P )< PH C 
(Kg/ha) (m) (pp2m) (pp2m) (pp2ra) (^) 
22 10574 1.25 41 9 310 7.9 1.280 
23 9845 1.50 60 11 298 7.8 1.380 
zh 5683 1.75 69 23 293 8.0 1.282 
Rep II 
6958 7.9 1 1.75 36 6 306 1.140 
2 6648 1.50 92 5 284 7.9 1.280 
3 8O94 1.75 29 4 283 7.9 l.%80 
4 9197 2.00 36 5 292 7.9 1.441 
5 8275 3.50 46 5 284 7.9 1.228 
6 9414 1.50 45 4 289 7.9 1.321 
7 9636 2.00 78 4 273 7.9 1.301 
8 8496 2.25 53 9 286 7.9 1.310 
9 7857 1.50 81 2 306 7.8 1.250 
10 8O23 1.50 76 4 332 7.8 1.310 
11 10422 1.50 29 6 336 7.8 1.361 
1? 8196 2.25 87 4 351 7.8 1.250 
13 8776 1.25 26 4 312 7.8 1.040 
14 8370 1.25 47 4 320 7.8 .980 
15 9988 1.50 35 2 317 7.8 1.049 
16 5450 1.75 50 3 225 7.8 1.010 
17 8789 1.75 52 4 311 7.8 1.100 
18 7443 1.50 39 5 314 7.8 1.060 
19 6735 1.00 76 6 308 7.7 1.251 
20 9790 1.50 54 4 272 7.8 1.463 
21 8517 1.75 56 4 295 7.8 1.262 
22 9993 1.00 81 3 326 7.8 1.370 
23 9115 2.50 39 4 315 7.8 1.361 
24 5929 2.25 60 5 329 7.8 1.230 
Huabal, 1964 
Rep I 
1 4438 4.20 1.05 28 5 159 7.8 .954 
2 4051 1.38 1.07 27 4 192 7.8 
.739 
3 4340 1.60 1.12 67 5 207 7.8 1.035 
4 4125 1.53 1.17 22 7 226 7.8 .438 
5 6962 2.35 1.26 31 7 167 7.8 .954 
6 8748 1.63 1.35 52 6 220 7.8 1.047 
7 7369 2.43 1.32 Lilj. 4 187 7.8 .894 
8 4985 1.53 1.20 34 3 199 8.0 .538 
9 6341 .98 1.25 27 4 208 7.8 .624 
10 5332 1.20 1.19 45 5 178 7.8 .779 
11 6888 2.28 1.24 50 5 193 7.7 .839 
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Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Heif^ht n P k PH c 
(Kg/ha) m (m) (pp2m) (pp2m) (pp2m) m 
12 6318 3.00 1.22 . 20 4 155 7.9 .458 
13 5178 1.98 1.16 40 6 199 7.8 .679 
14 44^ 8 3.05 1.13 20 3 277 7.9 .976 
15 6333 1.60 1.20 23 3 188 7.9 .599 
16 3772 1.65 1.10 57 5 244 7.8 1.070 
17 3935 2.33 1.08 40 4 164 7.3 .800 
18 5203 2.05 1.18 W- 4 198 7.8 .836 
19 34yO 1.95 1.07 66 3 333 O.O 1.023 
20 6473 2.25 1.27 58 6 204 7.8 1.012 
21 7910 2.40 1.25 37 4 171 7.8 .765 
22 9046 1.33 1.16 23 6 202 7.9 .559 
23 9864 1.50 1.34 39 3 185 7.7 .906 
24 3921 1.90 1.10 35 4 173 7.8 .629 
Rep H 
1 8865 1.60 1.29 71 3 214 7.7 .907 
2 6633 2.08 1.23 76 5 209 7.8 .802 
3 6852 1.65 1.19 51 5 226 7.9 1.301 
4 7772 1.73 1.26 86 6 259 7.8 .989 
5 11779 1.93 1.37 48 2 241 8.0 .979 
6 7407 1.68 1.27 42 4 169 7.9 .779 
7 7726 1.58 1.24 55 3 184 7.7 1.023 
8 9729 2.05 1.36 63 2 161 7.8 1.015 
9 7371 2.03 1.27 43 3 188 7.9 .768 
10 5838 1.80 1.14 41 4 192 8.0 
.779 
11 9697 2.25 1.41 74 5 285 7.8 .965 
12 8296 1.38 1.31 39 1 190 7.9 .919 
13 6538 1.88 1.19 48 5 170 7.8 .837 
14 6788 3.10 1.19 50 6 187 8.0 .826 
15 7819 1.70 1.29 47 2 213 8.0 .919 
16 5919 1.88 1.28 60 2 250 7.8 .991 
17 3803 1.33 1.05 68 7 257 7.8 1.139 
18 6766 1.68 1.19 55 2 199 7.9 . .967 
19 6459 2.00 1.17 42 1 212 8.0 .729 
20 8388 1.90 1.36 40 1 229 7.9 .800 
21 12451 3.38 1.44 74 2 225 7.9 .967 
22 10203 2.50 1.38 61 2 275 7.8 1.074 
23 10513 3.33 1.47 72 2 249 7.8 1.063 
24 5019 1.28 1.07 35 4 177 8.0 .733 
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Table 23. (Continued) 
Tint. Grain Aborted Plant Soil Test 
-
Mo. Yield Grain Height n P k PH c 
(Kg/ha) (^) . (m) (pp2m) (pp2m) (pp2m) (#) 
Golondrinas, 1965 
Rep I 
1 5221 4.98 1.50 36 71 852 7.8 .509 
2 6222 2.75 1.43 12 65 821 7.7 .442 
3 4836 3.60 1.46 27 75 885 7.8 .543 
4 5721 5.05 1.57 33 67 845 7.7 .509 
5 6400 3.23 1.62 8 62 799 7.8 .543 
6 6328 2.30 1.57 14 62 787 7.8 .509 
7 3726 13.00 1.68 1^ 55 8!|.3 7.7 .576 
8 6004 16.23 1.70 35 69 842 7.7 .576 
9 5719 2.95 1.61 16 70 851 7.7 .475 
10 3810 3.88 1.25 40 70 821 7.7 .812 
11 2108 4.58 1.61 13 72 868 7.7 .644 
12 4649 6.90 1.73 16 59 808 7.6 .610 
13 4837 5.45 1.51 21 89 960 7.7 .509 
14 5643 4.88 1.60 26 62 947 7.6 .442 
15 7337 3.00 1.66 16 55 662 7.9 .408 
16 4707 2.50 1.28 23 68 823 7.6 .846 
17 2171 5.50 1.15 29 81 834 7.7 .509 
18 4914 3.98 1.40 16 68 737 7.8 .408 
19 2644 7.00 1.20 25 86 883 7.7 .543 
20 1832 16.20 1.58 19 65 825 7.6 .576 
21 2374 5.33 1.70 13 58 734 7.7 .509 
22 1637 17.90 1.56 21 70 900 7.7 .408 
?3 1962 21.53 1.63 17 79 908 7.8 .576 
24 3431 4.00 1.22 25 68 880 7.7 .442 
Rep II 
1 4840 5.55 1.52 21 81 1206 7.9 .442 
2 4799 4.43 1.48 21 71 1268 7.9 .442 
3 6117 6.98 1.30 12 80 944 7.7 .475 
4 50^HS 2.93 1.51 35 93 1335 8.0 .576 
5 5319 16.80 1.53 31 63 963 7.9 .576 
6 5136 17.88 1.62 27 • 64 1038 7.9 .442 
7 4110 6.50 1.66 23 94 1663 7.8 .543 
8 5254 18.18 1.76 28 65 728 8.0 .408 
9 4973 10.05 1.82 21 70 11^14 8.0 .576 
10 5090 4.85 1.39 22 78 912 7.8 .543 
11 1513 7.33 1.49 21 95 930 7.8 .644 
12 4239 15.78 1.71 16 77 1208 7.8 .442 
13 4111 6.83 1.61 25 74 1497 7.8 .408 
14 3074 19.50 1.59 30 70 1033 7.7 .509 
15 5998 7.28 1.42 22 65 837 7.8 .408 
133 
Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k PH C 
(Kg/ha) (n) (pp2m) (pp2n) (pp2m) (%) 
16 4554 5.40 1.51 5 56 1827 7.8 .408 
17 2943 5.73 1.35 31 77 1131 7.8 .509 
18 3774 12.80 1.25 21 92 919 7.9 .509 
19 3087 5.48 1.46 15 84 989 7.8 .576 
20 3269 11.08 1.71 21 96 1416 7.9 .442 
21 1143 20.70 1.65 27 84 1194 7.7 .576 
22 1].65 23.48 1.70 18 79 987 8.0 .576 
23 2396 16.08 1.52 12 87 937 7.9 .543 
24 3593 5.30 1.33 28 93 1533 7.9 .475 
Pucusula, 1965 
Rep I 
94 1 7050 1.25 1.25 24 263 7.7 .442 
2 7013 1.93 1.26 35 105 297 7.6 .442 
3 4376 2.38 1.20 29 97 330 7.6 .374 
4 5496 3.50 1.08 32 125. 241 7.6 .408 
5 6635 2.15 1.37 17 140 190 8.1 .341 
6 5769 3.25 1.24 15 113 254 7.7 .475 
7 7262 3.15 1.43 17 94 248 7.7 .374 
8 6920 3.48 1.45 24 72 393 7.8 .408 
9 7566 1.48 1.37 23 98 281 8.0 .543 
10 5156 1.60 .99 28 94 347 7.5 .475 
11 6692 5.65 1.37 25 153 175 7.7 .374 
12 6047 1.83 1.27 21 105 268 7.9 .509 
13 6952 1.78 1.19 5 133 213 7.8 .408 
14 7361 1.78 1.24 25 79 319 7.8 .374 
15 5630 1.93 1.35 24 123 197 7.8 .374 
16 4124 2.98 1.15 27 110 299 7.5 .576 
17 4884 1.68 1.15 22 87 239 7.8 .341 
18 3276 3.33 1.10 28 105 232 7.9 .341 
19 3736 2.73 1.23 34 93 278 7.8 .408 
20 8026 3.55 1.54 37 86 374 7.6 .475 
21 7257 2.65 1.39 15 95 266 7.8 .442 
22 5175 3.35 1.32 22 110 220 8.0 .442 
23 6052 5.53 1.33 29 96 266 7.7 .442 
24 5398 1.40 1.16 35 98 317 8.1 .509 
Rep II 
1 5408 2.03 1.18 24 110 324 7.9 .278 
2 5563 3.13 1.08 17 113 285 8.0 .244 
3 5095 1.45 1.03 16 93 214 8.1 .244 
4 7138 2.25 1.10 34 93 227 7.8 .382 
5 7169 2.45 1.33 19 98 295 7.9 .382 
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Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P PH c 
(Kg/ha) m (m) (pp2ra) (pp2m) (pp2m) (^) 
6 6313 1.73 1.26 25 75 266 8.0 .347 
7 6971 3^8 . 1.28 24 118 166 7.8 .209 
8 7103 2.00 1.22 19 75 352 8.1 .278 
9 6862 1.63 1.17 19 95 211 7.9 .278 
10 4070 1.68 1.10 24 98 286 7.7 .382 
11 6388 3.78 1.43 20 100 242 8.1 .278 
1? 7992 3.20 1.33 23 86 343 8.1 .347 
13 6778 1.63 1.19 18 97 255 8.1 .244 
14 6I88 3.53 1.11 21 94 338 8.0 .313 
15 5930 .90 1.20 17 68 361 8.0 .382 
16 3142 1.13 .98 17 80 261 8.0 .278 
17 3951 1.90 1.08 16 88 293 7.8 .476 
18 3923 1.85 1.11 17 73 377 7.3 .347 
19 4506 1.95 1.05 14 125 177 8.0 .209 
20 6182 3.90 1.17 23 128 212 7.8 .347 
21 6699 2.85 1.31 21 100 266 7.9 .313 
7382 1.60 1.38 15 73 402 8.1 .313 
23 6750 1.23 1.36 19 93 296 7.8 .382 
24 6280 1.90 1.11 21 95 320 7.9 .367 
Sta. Rosa, 1965 
Rep I 
1 7436 5.43 1.69 43 29 705 7.5 .743 
2 7940 2.33 1.50 59 25 764 7.6 .919 
3 6732 6.85 1.69 55 27 909 7.6 .778 
4 6236 5.43 1.74 29 26 929 7.5 .849 
5 6516 3.48 1.67 50 23 730 7.5 1.132 
6 7262 5.25 1.70 45 22 605 , 7.6 .990 
7 6446 5.05 1.67 15 27 765 7.6 .919 
8 4732 6.63 1.66 42 27 863 7.5 .778 
9 6275 6.58 1.66 49 21 756 7.5 .708 
10 7142 2.20 1.44 68 22 558 7.6 .919 
11 8011 6.08 1.69 51 21 679 7.6 .990 
12 7795 5.13 1.72 31 25 718 7.5 .778 
13 7998 2.18 1.57 43 24 610 7.6 .954 
14 8425 2.50 1.62 60 21 750 7.5 .990 
15 6935 7.50 1.66 50 29 649 7.5 .778 
16 5985 3.70 1.53 48 24 671 7.6 .990 
17 7235 6.38 1.53 53 26 947 7.6 .884 
18 7099 3.58 1.65 26 30 765 7.5 .778 
19 6847 2.73 1.47 24 27 696 7.5 .673 
20 6812 5.05 1.72 27 24 639 7.6 .990 
21 5367 7.43 1.66 59 26 854 7.6 .814 
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Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Heipçht n P k pH c 
(Kg/ha) (m) (pp2m) (pp2m) (pp2m) 
22 4869 6.03 1.70 40 24 610 7.6 .954 
?,3 8680 4.65 1.74 74 29 631 7.6 .884 
24 5957 2.78 1.42 59 24 603 7.6 1.306 
Rep II 
4.45 
. 
1 7295 1.70 23 23 651 7.6 .708 
2 7677 3.95 1.65 78 25 717 7.7 .638 
3 3.38 1.62 46 24 718 7.5 .778 
4 7836 2.53 1.60 41 30 669 7.7 .743 
5 5799 6.53 1.67 22 25 633 7.5 .638 
6 6358 7.38 1.69 51 26 703 7.5 .743 
7 6326 3.98 1.69 34 29 652 7.7 .778 
8 6085 5.70 1.65 21 24 679 7.5 .778 
9 6597 4.65 1.70 29 25 712 7.7 .602 
10 7369 4.30 1.61 64 26 790 7.7 .708 
11 7734 6.38 1.67 18 23 731 7.6 .602 
12 6638 5.88 1.67 36 27 746 7.5 .778 
13 6362 6.18 1.73 34 26 637 7.6 .638 
14 7717 5.00 1.67 34 24 636 7.5 .814 
15 6737 5.20 1.66 44 23 684 7.5 .638 
16 5141 3.33 1.53 48 23 719 7.5 .708 
17 7432 2.83 1.46 31 29 700 7.5 .638 
18 5789 2.48 1.49 42 32 656 7.8 .778 
19 8011 4.58 1.61 16 22 656 7.5 .743 
20 4977 5.43 1.66 39 30 743 7.5 .743 
21 6608 6.65 1.66 51 27 737 7.8 .638 
22 6520 5.18 1.67 25 25 602 7.6 .778 
23 6330 4.63 1.64 38 25 673 7.5 .743 
24 5155 1.05 1.44 26 22 672 7.6 .638 
San Miguel, I965 
Rep I 
1 4862 3.95 1.75 22 60 870 7.6 .723 
2 7202 1.80 1.62 15 31 708 7.7 .483 
3 4215 1.83 1.57 42 32 939 7.7 .449 
4 5338 3.43 1.66 12 27 897 7.6 .414 
5 3074 9.10 1.76 14 36 1020 7.8 .514 
6 3700 8.78 1.68 18 27 818 7.6 .517 
7 5160 6.33 1.69 13 34 902 7.8 .997 8 5410 2.08 1.68 51 31 1072 7.7 .860 
9 5521 2.53 1.59 10 32 720 7.8 .449 
10 3702 3.15 1.36 17 35 1038 7.6 .3^  
11 4492 6.55 1.83 9 50 903 7.8 .517 
Table 23. (Continued) 
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Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k pH C 
(Kg/ha) (^) (m) (pp2m) (pp2m) (pp2m) i i )  
12 48l6 6.55 1.79 14 • 65 869 7.5 .723 
13 6386 4.15 1.83 13 49 830 7.6 .792 
14 7072 . 3.60 1.57 14 35 930 7.7 .346 
15 7148 2.93 1.63 5 30 927 7.7 .929 
16 2749 4.05 1.77 15 60 909 7.5 .620 
1? 4492 1.23 1.45 16 ' 25 873 7.7 .586 
18 4795 2.85 1.52 22 35 959 7.7 .380 
19 1.65 1.32 15 30 812 7.8 .449 
20 2587 13.68 1.70 16 60 857 7.5 .792 
21 3992 7.55 1.61 11 34 759 7.6 .517 
22 2390 4.15 1.70 15 45 980 7.8 .414 
23 3127 10.55 1.72 26 46 900 7.6 .449 
24 3242 2.60 1.31 35 30 1079 7.7 .517 
Rep II 
3.40 1 6059 1.60 21 31 1062 7.7 .517 
0 6453 2.70 1.70 20 41 981 7.8 .346 
3 3612 4.95 1.77 22 56 804 7.2 .689 
4 4548 2.33 1.60 24 32 1050 7.6 .449 
5 3863 2.35 1.55 11 39 1235 7.7 .586 
6 4846 3.85 1.64 51 . 57 935 7.6 .620 
7 4197 2.08 1.51 22 36 1092 7.6 .689 
8 4300 5.15 1.68 23 36 1037 7.8 .346 
9 3788 8.43 1.74 11 52 1092 7.6 .517 
10 4494 3.08 1.46 11 32 909 7.7 1.443 
11 3264 4.45 1.72 24 30 929 7.6 .517 
12 4965 6.70 1.75 16 36 915 7.8 .551 
13 6083 5.00 1.65 21 32 1040 7.8 .517 
14 5996 2.48 1.57 26 40 1109 7.8 .449 
15 5426 11.05 1.70 36 62 999 7.2 .723 
16 3125 2.45 1.36 10 40 1050 7.7 .449 
17 4792 3.^ 5 1.36 21 34 984 7.8 .380 
18 5166 3.55 1.67 29 54 956 7.7 .792 
19 5658 3.65 1.56 13 23 819 7.7 .414 
20 2391 7.75 1.66 13 32 966 7.4 .551 
21 3648 14.25 1.70 27 74 1022 7.2 .689 
22 9843 7.08 1.61 18 31 918 7.7 .517 
23 3736 4.23 1.83 26 29 1023 7.6 .517 
24 3078 2.70 1.35 30 35 1176 7.8 .517 
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Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k pH .c 
(Kg/ha) ('%) (m) (pp2iJi) (pp2m) (pp2m) (^) 
Tavara, I965 
Rep I 
1.16 642 1 3953 3.18 40 8 8.0 1.178 
9 4457 1.78 1.23 38 19 647 8.0 1.316 
3 47?6 2.98 1.21 55 21 732 7.7 1.386 
4 4381 2.05 1.18 34 1.2 582 8.0 1.247 
5 7?.77 3.70 1.39 ?8 8 484 8.2 1.143 
6 6077 %.38 1.31 13 572 8.1 1.178 
7 7124 2.30 1.37 26 14 599 8.1 1.109 
8 7737 2.48 1.44 80 22 636 8.1 1.282 
9 5504 2.40 1.31 30 7 503 8.1 1.074 
10 3601 3.60 1.10 39 13 605 8.1 1.178 
11 8942 3.83 1.68 44 8 406 8.1 1.109 
12 4819 4.20 1.26 • 34 10 471 8.0 1.074 
13 7105 3.65 1.33 26 8 551 8.2 1.005 
14 5614 1.95 1.29 39 17 650 8.0 1.178 
15 6847 4.33 1.37 41 6 560 8.4 1.074 
16 2703 4.98 l.l'' 36 10 494 8.0 1.143 
17 2992 2.93 1.11 35 9 454 7.9 1.074 
18 4032 2.35 1.15 36 10 570 8.0 1.005 
19 3187 2.20 1.15 37 9 570 8.1 1.143 
20 6562 2.95 1.37 29 11 621 8.1 1.109 
?1 62O8 3.78 1.44 20 9 561 8.1 1.247 
2? 9303 4.10 1.64 25 8 417 8.1 1.040 
?,3 9436 3.05 1.73 34 10 457 8.1 1.109 
2k '^ 759 2.03 1.07 35 8 600 8.0 1.040 
Rep II 
3.63 1 4142 1.2? ?.5 10 403 8.1 1.143 
Z 38-^ 1 4.00 1.12 39 13 529 8.2 1.282 
3 3804 4.-^3 1.13 36 15 524 8.5 1.005 
4 3831 3.35 1.18 30 14 493 8.3 1.005 
5 6587 2.80 1.47 38 14 553 8.") 1.420 
6 646' 4.''0 1.44 28 9 414 8.0 1.109 
7 8376 2.60 1.62 39 15 469 8.1 1.040 
8 8167 3.00 1.56 52 13 464 8.2 1.074 
9 4917 3.10 1.33 26 16 518 8.0 1.143 
10 3153 2.28 1.12 43 17 482 8.1 1.074 
11 8890 3.60 1.49 37 14 501 8.3 1.109 
12 444? 4.93 1.26 37 13 500 8.2 1.109 
13 6111 3.45 1.39 34 14 46 0 8.2 1.247 
14 418? 4.60 1.24 61 13 492 8.5 1.109 
15 5701 3.48 1.33 40 8 420 8.0 1.143 
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Tmt. 
No. 
Grain 
Yield 
(Kg/ha) 
Aborted 
Grain 
( f o )  
Plant 
Height 
On) 
n 
(pp2m) 
Soil Test 
P k 
(pp2m) (pp2m) 
PH C 
(^) 
16 ''383 2.58 1.08 60 14 442 8.2 .555 
17 9334 2.85 1.10 68 14 490 8.3 1.109 
18 3475 3.75 1.10 54 13 485 8.5 1.143 
19 318") 9.68 1.11 34 8 396 8.1 1.040 
20 6674 2.95 1.44 22 14 521 8.0 1.247 
?.l 6932 4.00 1.43 30 9 437 8.0 1.109 
p? 8294 3.53 1.61 60 14 508 8.1 1.005 
23 8708 3.35 1.57 35 l4 469 8.2 1.351 
2932 1.88 1.11 30 14 487 8.1 1.178 
Capote, 1965 
Rep I 
1 6009 3.15 1.17 49 29 569 8.0 1.055 
2 5788 1.75 1.17 36 33 610 8.0 1.055 
3 5778 2.65 1.29 53 28 488 8.0 .953 
4 68?3 1.75 1.31 53 33 567 7.9 1.089 
5 7894 2.45 1.51 72 30 538 7.9 1.089 
6 8370 3.^ 5 1.60 75 36 460 8.0 1.157 
7 755^  1.50 1.55 55 30 500 8.0 .953 
8 8499 2.25 1.60 59 28 494 8.0 1.021 
9 7747 1.73 1.47 41 33 476 8.0 .953 
10 3476 2.98 1.06 65 28 506 8.0 1.021 
11 5952 3.48 1.50 80 33 625 7.9 1.055 
12 6424 1.95 1.41 37 33 507 7.9 1.055 
13 6533 1.33 1.39 49 29 485 8.0 .987 
14 7755 3.30 1.38 70 28 551 8.1 1.055 
15 7475 1.83 1.48 53 27 447 7.9 1.565 
16 4876 2.35 1.13 77 32 529 8.0 1.225 
17 4569 2.65 1.06 47 34 496 8.0 1.021 
18 3969 3.33 1.12 59 31 566 8.0 1.021 
19 3832 2.18 1.04 38 30 469 8.1 1.021 
20 7928 1.73 1.52 53 31 521 8.0 .885 
21 7902 2.73 1.57 54 32 532 8.0 1.021 
"2 5623 3.30 1.50 64 35 6l4 8.0 1.055 
23 5966 3.00 1.54 71 35 529 8.0 1.225 
3381 1.10 1.02 58 35 490 8.0 1.021 
Rep II 
1 5897 2.40 1.24 52 38 612 8.0 .987 9 5077 1.55 1.23 48 - 25 390 8.1 1.055 
3 5868 1.60 1.28 38 37 723 8.0 1.021 
4 6426 1.93 1.33 29 595 8.0 1.089 
5 8592 2.00 1.59 41 29 462 8.2 .987 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No, Yield Grain Height n P k PH G 
(Kg/ha) (n) (pp2ni) (pp2m) (pp2m) (';Q 
6 9318 2.55 1.58 45 36 492 8.0 1.157 
7 8007 3.28 1.56 41 27 523 8.0 1.021 
8 8?69 2.88 1.58 42 20 442 8.0 1.089 
9 8179 2.08 1.51 50 31 585 8.0 .987 
10 #27 2.88 1.17 44 32 597 8.0 1.123 
11 759'' 2.53 1.55 40 28 510 8.1 1.089 
1? 7241 2.20 1.53 41 23 431 8.2 .919 
13 7478 1.46 55 31 615 8.0 1.123 
1^ 7398 1.75 1.48 62 31 538 8.1 1.055 
15 8824 1.60 1.45 50 27 494 8.1 .953 
16 4999 2.05 1.17 43 31 531 8.1 1.089 
17 5082 1.90 1.15 56 25 470 8.0 1.089 
18 4663 2.05 1.18 42 31 621 8.0 1.157 
19 4117 1.93 1.17 41 33 620 8.0 1.055 
20 7402 2.70 1.57 40 46 514 8.1 1.089 
21 6229 5.25 1.60 45 43 912 8.0 1.055 
22 8975 2.63 1.62 25 30 675 8.2 .919 
23 8941 l.?5 1.62 33 39 694 8.2 1.021 
?.k 5202 2,13 1.16 40 30 455 8.1 1.055 
Tablazos, I965 
Rep I 
1 3804 4.68 1.29 105 21 516 7.9 1.178 
2 3985 4.03 1.19 31 31 700 8.0 1.178 
3 3762 6.58 1.30 91 22 593 7.8 1.559 
k 3681 5.^ 3 1.28 50 7 538 7.8 .970 
5 4986 5.65 1.48 45 26 587 7.8 1.074 
6 5711 5.43 1.60 62 23 566 7.9 1.213 
7 4044 4.18 1.33 55 16 743 7.7 1.074 
8 4275 3.68 1.40 35 30 708 8.0 1.282 
9 4144 5.38 l.?9 49 13 800 7.8 1.109 
10 3285 6.05 1.14 64 29 715 7.8 1.109 
11 5173 6.03 1.51 77 34 745 8.0 1.143 
12 509:^  6.63 1.35 55 21 484 7.8 1.386 
15 4464 3.65 1.31 41 14 724 7.8 1.109 
14 3743 4.25 1.29 50 30 572 8.0 1.074 
15 3?84 8.45 1.29 75 33 693 7.8 1.109 
16 2814 7.73 1.12 78 25 539 7.8 1.316 
17 2560 4.23 1.13 38 20 654 7.8 1.040 
18 2954 4.35 1.11 47 24 574 7.8 1.213 
19 2784 6.15 1.14 77 25 619 7.8 1.143 
20 4713 5.05 1.51 55 31 679 7.9 1.109 
21 5548 5.63 1.47 57 33 698 8.0 1.178 
1^ 0 
Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
Ko. Yield Grain Height n p R pîï G~ 
(Kg/ha) ( f o )  (m) (pp2m) (pp2m) (pp2ia) ( f o )  
2? 5?19 4.53 1.51 60 24 650 7.8 1.282 
5207 9.10 1.69 70 22 520 7.8 1.295 
?M- 3059 4.73 1.12 5? 13 648 7.8 .970 
Rep II 
16 1 3733 5.55 1.13 53 557 7.8 1.143 
2 301? 2.30 l.?2 84 22 473 7.8 1.178 
3 3354 3.15 1.22 36 2/|' 686 7.8 1.178 
38?4 6.58 1.22 53 29 596 8.0 1.593 
5 4189 3.:'8 1.35 33 21 686 7.7 1.247 
6 4090 4.75 1.37 47 11 615 7.8 1.109 
7 5024 5.15 1.49 75 29 575 7.8 1.178 
8 4761 3.73 1.49 81 27 455 7.9 1.178 
9 3568 6.90 1.37 61 27 510 8.0 1.074 
10 3507 3.68 1.13 47 20 '?14 7.8 1.213 
11 5578 5.43 1.55 91 26 515 7.8 1.351 
12 3672 3.63 1.25 30 16 512 7.8 1.005 
13 3864 4.90 1.32 45 24 584 7.8 1.143 
14 3968 6.55 1.27 56 13 621 7.8 1.178 
15 4061 7.85 1.23 58 19 647 7.8 1.282 
16 2940 6.60 1.24 59 26 514 7.7 1.351 
17 9692 4.53 1.03 65 14 549 7.8 1.040 
18 9802 7.20 1.09 71 23 502 7.9 1.109 
19 3177 2.95 1.13 37 17 712 7.7 1.109 
20 4547 6,60 1.52 73 25 54^1- 7.8 1.420 
21 4576 5.43 1.52 100 25 463 7.7 1.178 
PO 5495 7.03 1.50 68 16 525 7.8 1.109 
23 432? 6.18 1.42 78 22 502 7.8 1.213 
24 2.471 5.00 1.07 68 26 505 7.8 1.213 
Tuman, I965 
Rep I 
1 5422 3.55 1.46 24 34 953 7.7 .783 
? 4979 2.15 1.63 5 37 975 7.8 .715 
3 469'? 7.25 1.64 21 34 1017 7.7 .783 
4 5207 3.28 1.52 19 43 945 8.2 .783 
5 2995 5.20 1.66 12 30 1008 7.7 .783 
6 2470 16.18 1.64 13 38 1091 7.8 .817 
7 3217 12.48 1.62 8 46 1088 7.7 .885 
8 3449 10.40 1.59 39 33 1064 8.1 .851 
9 3411 7.68 1.29 23 42 1068 7.7 .817 
10 4371 5.03 1.39 9 32 1017 7.8 .851 
11 4575 6.23 1.58 26 33 897 7.8 .681 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Hoifïht n P k pK c 
(Kg/ha) (:/') On) (pp2m) (pp2m) (pp2m) (;) 
1-) 4979 4.50 1.50 23 41 1070 8.3 .783 
13 3916 8.03 1.71 30 42 879 7.8 .715 
14 3671 7.28 1.70 25 22 905 0.2 .715 
15 48'?1 5.48 1.63 15 36 104]. 8.1 .919 
16 4?08 6.?0 1.32 13 42 936 7.7 .885 
17 4?6l 3.40 1.3^ 19 43 1044 7.7 .817 
18 3881 4,10 1.35 10 41 lli|-6 7.8 .715 
19 5001 9.60 1.65 18 21 596 8.3 .647 
?0 3083 15.55 1.55 10 36 1055 7.8 .783 
?1 ?938 9.95 1.65 18 42 1026 7.7 .749 00 9516 19.03 1.66 19 50 921 8.2 .851 
93 9.327 2.65 1.56 23 38 1091 7.7 .817 
24 24')? 1.90 1.18 9 33 1199 7.8 .817 
Rep II 
.817 1 4177 7.53 1.59 7 37 1158 7.7 
? 4429 7.53 1.64 25 37 1230 7.7 .919 
3 45?l 4.63 1.57 5 39 1148 7.7 .885 
4 3837 6.?0 1.4i|. 37 40: 1100 7.8 .851 
5 2003 14.93 1.64 28 38 1187 7.7 .817 
6 9733 19. 1.69 25 29 1133 7.7 .715 
7 -^447 15.43 1.65 30 36 1046 .7.7 .375 
8 '^ 176 1.80 1.71 20 43 1130 7.6 .715 
9 3589 9.45 1.70 14 31 1133 7.7 .885 
10 4317 3.70 1.47 7 40 1211 7.7 .885 
11 3439 24.05 1.60 22 37 1130 7.7 .885 
12 3897 22.08 1.67 18 33 1230 7.8 .681 
13 3094 12.53 1.69 25 34 1080 7.7 .851 
14 9969 16.95 1.73 35 35 1207 7.7 .885 
15 3/+iiii. 10.75 1.71 25 34 1267 7.8 1.361 
16 400-? 4.63 1.5^ 37 37 1137 7.7 .919 
17 4083 3.95 1.55 27 35 1106 7.8 .783 
18 4768 9.73 1.50 20 30 1078 7.7 .885 
19 4813 9.93 1.53 18 36 1212 7.7 .953 
''O 17.00 1.59 19 30 1131 7.7 .783 
^1 
-"971 7.13 1.65 18 38 1130 7.8 .919 
09 9480 11.00 1.60 12 37 1133 7.8 .749 
03 "0^6 20.93 1.59 29 36 1149 7.6 .919 
?4 3567 5.88 1.56 10 34 1047 7.8 .885 
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Table 23, (Continued) 
Trnt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n p k pH C 
(Kg/ha) ()î}) (m) (pp2m) (pp2m) (pp2m) (^) 
El Hornito, I965 
Rep I 
1 6556 2.18 l.?6 63 9 171 8.2 .767 
9 66l4 4.60 1.01 76 8 273 8.0 1.121 
3 943? 5.63 1.35 58 8 318 7.9 1.06? 
4 6459 3.98 1.26 72 8 :d83 8.0 1.003 
5 6?91 3.43 1.36 ii-7 10 172 8.1 .708 
6 7887 3.20 1.28 89 9 309 8.0 .855 
? 7915 5.38 l.?4 V 11 309 7.7 1.268 
8 8393 6.30 1.43 66 7 297 8.0 1.062 
9 6587 4.60 1.27 98 8 268 8.0 1.179 
10 1.70 1.22 40 10 208 8.1 .610 
11 8676 7.25 1.42 65 8 288 8.0 1.06? 
12 7337 5.03 1.35 53 10 213 8.1 .797 
13 740? 5.85 1.31 61 8 263 8.0 .679 
14 7279 5.58 1.35 58 9 255 8.1 .649 
15 7051 4.83 1.29 47 9 189 8.1 .6?0 
16 5940 ?.90 1.21 39 12 257 8.0 .679 
17 i|491 2.43 1.15 51 11 179 8.2 .649 
18 6167 3.:'5 1.10 72 8 335 8.0 1.062 
19 5215 :'.95 .96 73 11 270 7.8 1.003 
?,0 6602 3.28 1.24 45 10 176 8.1 .708 
21 750? 6.28 1.29 76 11 273 8.0 1.003 
99 6749 6.95 1.55 50 8 224 8.1 .532 
23 7887 5.48 1.47 82 9 269 8.0 .885 
24 5084 . 3.40 1.15 69 9 319 7.9 1.209 
Rep II 
1 7958 4.90 1.38 52 9 255 7.9 .885 
2 7834 3.43 1.32 56 9 277 8.0 1.003 
3 5105 5.18 1.40 69 4 364 8.0 1.062 
4 8?18 5.70 1.41 58 3 337 7.9 1.091 
5 8901 5.43 1.37 45 9 265 8.0 .855 
6 8917 6.10 1,54 59 8 246 8.0 .855 
7 7566 6.25 1.50 70 3 323 8.0 1.062 
8 8760 8.13 1.45 76 3 309 8.0 1.150 
9 8841 3.60 1.33 , 73 6 415 7.7 1.062 
10 . 3746 3.98 1.05 66 7 501 7.8 1.121 
11 7102 6.68 1.44 73 4 252 8.0 .973 
12 7406 3.98 1.35 61 11 303 8.0 .885 
13 7576 6.40 1.35 69 9 301 7.9 1.003 
14 8322 4.88 1.37 78 4 4^a 8.0 1.091 
15 6177 4.15 1.24 61 8 471 • 7.8 1.268 
143 
Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k pH c 
(Kg/ha) m (m) (pp2m) (pp2m) (pp2m) (>i) 
16 5118 3.83 1.21 75 6 396 7.8 . 944 
17 6738 4.80 1.30 66 3 292 8.0 .944 
18 8';$0 6.65 1.38 76 10 314 7.9 1.032 
19 5619 3.43 1.22 59 9 226 8.0 .915 
?0 8')43 5.73 1.40 65 3 332 8.0 1.091 
•a 8S70 5.80 1.34 81 7 446 7.8 1.032 
22 8617 5.93 1.26 57 9 376 7.8 1.153 
8515 8.00 1.50 73 4 317 8.0 1.003 
24 3915 4.30 1.09 69 5 449 8.0 .855 
Limoncarro, I965 
Rep I 
1 4$44 3.00 1.24 • 15 12 362 7.7 1.088 
? 5455 3.48 1.33 28 8 306 7.7 1.233 
3 5980 4.08 1.36 31 11 334 7.7 1.124 
4 5619 3.23 1.30 2? 9 284 7.8 1.196 
5 6548 3.43 1.38 9 9 294 7.8 1.196 
6 6388 4.63 1.41 25 10 291 • 7.7 1.233 
7 5663 2.93 1.46 21 11 281 7.8 1.124 
8 6536 4.50 1.35 25 13 386 7.8 1.051 
9 5797 4.53 1.28 17 11 318 7.8 1.124 
10 5376 3.?3 1.36 24 9 310 7.8 1.233 
11 6027 4.98 1.42 19 14 348 7.7 1.160 
1? 6305 4.88 1.39 20 11 341 7.8 1.088 
13 6017 4.33 1.31 22 12 311 7.8 1.051 
14 6167 4.03 1.29 13 12 328 7.8 1.196 
15 5670 4.08 1.35 27 10 365 7.7 1.233 
16 3977 3.75 1.20 25 8 269 7.8 1.323 
17 509?. 3.50 1.25 21 10 280 7.8 1.124 
18 46^ 7 2.98 1.30 10 10 337 7.7 1.016 
19 3586 3.08 1.15 21 11 372 7.8 1.196 
?0 6?01 3.68 1.45 19 11 302 7.8 1.124 
?1 5816 5.08 1.39 15 9 276 7.8 1.196 
6834 3.50 1.4? 34 13 296 7.8 1.051 
^3 644?. 4.88 1.47 24 8 274 7.8 1.233 
94 36;^ 7 3.30 1.21 18 10 323 7.8 1.233 
Rep II 
1 4957 4.50 1.34 23 9 325 7.9 1.114 0 5737 4.60 1.35 17 10 312 7.7 1.497 
3 656? 5.15 1.46 34 7 306 7.9 1.229 
4 4788 4.08 1.28 24 9 324 7.8 1.076 
5 6593 4.20 1.45 26 7 274 7.7 .808 
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Table 23. (Continued) 
Tmt. Grain Aborted P].ant Soil Test 
No. Yield Grain Height n P k pH c 
(Kg/ha) (^) (m) (pp2m) (pp2m) (pp2m) (;4) 
é 594? 3.98 1.43 22 8 329 8.0 1.016 
7 6936 4.88 1.43 41 7 283 7.7 1.152 
8 6451 3.78 1.44 21 9 411 8.0 1.016 
9 639? 3.63 1.37 33 8 307 7.7 1.152 
10 4199 4.60 1.97 18 8 310 7.8 1.152 
11 6383 4.75 1.46 10 9 303 7.8 1.190 
1? 694? 3.78 1.46 ?5 9 279 7.8 1.190 
13 6993 3.75 1.35 18 9 303 7.8 1.152 
14 5719 4.63 1.37 36 8 319 8.0 1.016 
15 6547 5.10 1.36 43 7 282 8.0 1.344 
16 3997 3.63 1.32 22 12 324 7.8 1.016 
17 6''86 4.50 1.37 45 7 318 7.7 1.344 
18 5144 2.85 1.31 33 9 292 7.8 1.114 
19 4779 4.93 1.27 18 10 332 7.8 1.037 
90 6638 4.?5 1.45 32 6 302 7.9 1.229 
-"1 6567 5.50 1.44 21 8 329 8.0 1.190 
99 686? 4.58 1.4? 26 8 314 7.7 1.190 
93 716? 4.58 1.49 38 9 298 7.8 1.114 
. 3500 3.65 1.34 • 35 7 2?2 7.8 .769 
Huabal, I965 
Rep I 
4930 1 1.73 1.33 50 16 293 8.0 1.054 
? 530? 2.98 1.32 60 12 273 . 8.0 1.167 
3 5960 2.00 1.31 5'' 15 282 7.9 1.94-^ 
4 6437 1.75 1.37 70 18 347 8.0 l.-A-
5 7')88 1.70 1.47 53 15 299 8.0 1.016 
6 8''"7 1.73 1.45 68 19 308 8.0 1.167 
7 7397 2.10 1.43 56 13 223 8.0 .979 
8 6419 1.65 1.49 56 16 310 8.1 1.617 
9 764^ ) 2.38 1.49 59 18 301 7.9 1.19 
10 5:'?6 1.45 1.94 36 19 330 7.9 1.167 
11 8836 ?.55 1.52 35 13 297 8.0 .941 
1? 7357 9.48 1.43 53 17 303 8.0 1.129 
13 7504 1.85 1.39 49 13 249 7.9 1.091 
14 7340 1.93 1.46 80 19 326 8.0 1.''04 
15 7158 9.70 1.44 51 13 249 8.0 1.054 
16 3744 1.75 1.91 49 15 983 8.1 1.054 
17 6030 9.08 1.31 67 19 323 8.0 1.317 
18 5015 1.70 1.96 67 17 328 7.9 1.054 
19 5324 1.43 1.96 61 18 320 8.0 1.949 
90 7367 9.90 1.43 63 14 281 8.1 1.016 
?1 8914 9.45 1.45 43 17 310 8.1 1.1?9 
Table 23. (Continued) 
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Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n p îc pH C~ 
(Kg/ha) (fo) (m) (pp2m) (pp2m) (pp2ra) (^ ) 
9148 1.40 1.54 70 17 270 8.0 1.129 
?3 9157 2.25 1.59 67 14 290 8.1 1.279 
24 4761 1.68 1.24 64 15 327 8.0 1.242 
Rep II 
1 478? 2.65 1.36 40 12 292 8.0 1.196 
9 644?. 2.10 1.40 56 12 346 8.0 1.088 
3 5389 2.15 1.37 63 15 291 8.0 1.051 
4 4955 2.15 1.31 34 9 262 7.9 .907 
5 7944 3.03 1.54 47 13 298 8.0 1.088 
6 7405 2.15 1.47 56 13 274 8.0 1.124 
7 8473 1.83 1.51 50 13 264 8.0 1.124 
8 7404 2.55 1.45 48 13 375 8.0 1.124 
9 6497 1.95 1.44 41 13 287 8.0 1.160 
10 4212 4.68 1.30 62 12 284 8.0 1.196 
11 9066 2.83 1.58 74 15 312 8.0 1.233 
1^  6759 3.08 1.46 46 8 624 8.0 1.088 
13 7052 3.18 1.50 67 15 344 8.0 1.160 
14 6802 3.60 1.44 38 13 328 8.0 1.160 
15 6732 4.68 1.42 36 13 275 8.0 1.124 
16 4169 2.93 1.25 47 13 290 7.9 1.160 
17 4232 2.38 1.26 30 8 607 8.0 .834 
18 4602 1.93 1.26 45 12 251 8.0 1.088 
19 5013 2.30 1.35 33 8 44-6 8.0 1.196 
20 8513 2.35 1.47 45 15 385 8.0 1.088 
n 8317 2.23 1.49 59 15 336 7.9 1.124 
2?. 8610 2.23 1.53 58 12 292 8.0 1.196 
23 8137 2.98 1.48 53 15 323 7.9 1.124 
24 4472 2.25 1.24 30 13 348 8.0 1.051 
Milagro, I965 
Rep I 
1 4487 .98 1.12 27 14 795 9.2 .386 
2 5473 1.55 1.11 39 20 603 9.2 .578 
3 5542 1.23 1.1^  37 30 800 9.5 .4:5 
4 4835 2.05 1.13 yi 29 848 9.4 .540 
5 8496 1.85 1.31 46 19 868 9.2 .540 
6 6930 2.43 1.94 25 93 900 9.4 .348 
7 8645 1.55 1.36 33 30 514 8.7 .692 
8 7723 1.70 1.43 11 6 354 8.4 .310 
9 6484 1.-3 1.-^ 5 29 5 666 8.9 .4)5 
10 2530 4.35 1.01 24 10 674 9.1 .501 
11 7972 2.25 1.21 23 49 952 9.3 .425 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k PH 
(Kg/ha) (';g) (n) (pp2m) (pp2m) (pp2ra) (^) 
12 60?0 .68 1.18 25 47 1133 9.4 .501 
13 6010 1.18 l.?3 26 18 569 9.4 .425 
14 1.68 1.13 20 41 890 9.5 .386 
15 5849 1.48 1.14 ?4 63 1233 9.4 .463 
16 ?334 3.63 .93 30 17 723 9.0 .731 
1? 314? 3.80 1.08 . 29 7 594 8.7 .501 
18 • 2747 1.00 .91 14 43 882 9.5 .425 
19 '779 2.58 .98 19 36 834 9.5 .310 
20 8409 2.28 1.''8 30 44 888 9.4 .310 
21 8?71 .70 1.46 36 8 580 9.0 .808 
?? 8968 3.75 1.54 63 15 540 8.5 .540 
93 9534 2.00 1.52 29 7 343 • 8.3 .731 
% 2678 1.15 1.05 35 11 686 9.2 .348 
Rep II 
1 5')42 1.03 1.19 42 12 542 8.8 .901 
9 6058 .88 1.31 45 13 633 8.4 1.109 
3 5496 1.45 1.15 38 8 584 8.6 .728 
4 5439 1.15 1.10 38 12 624 8.8 .728 
5 8252 .43 1.39 35 11 823 8.8 .659 
6 87^ 1 1.63 1.42 66 15 638 3.5 1.069 
7 9475 l.-'O 1.45 52 8 560 8.6 .936 
8 7837 1.03 1.26 58 9 762 8.8 .797 
9 7568 .88 1.36 63 10 648 8.7 .970 
10 3162 1.25 .97 35 14 605 9.0 .832 
11 8159 3.38 1.50 42 37 1008 9.0 .866 
I'' 730? 1.38 1.25 39 13 692 9.1 1.040 
13 6640 1.45 l.?4 36 11 576 8.8 .797 
14 6198 1.78 1.23 33 6 573 8.9 .7^ 8 
15 7332 1.28 1.^ 4 45 25 777 8.9 .693 
16 2651 .30 1.01 50 13 746 8.8 .832 
17 4468 1.18 1.11 51 14 6?9 8.4 1.178 
18 3345 .93 1.03 42 7 576 9.0 .763 
19 3165 1.80 1.09 32 7 630 9.0 .659 
?0 9590 1.30 1.46 18 31 707 8.9 .832 
21 9173 2.00 1.38 64 10 540 8.6 .970 
9727 1.93 1.46 39 8 621 8.5 .936 
93 8227 3.40 1.49 70 13 564 8.2 1.074 
24 2036 7.75 .95 31 26 881 9.4 .485 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
Ko. Yield Grain Height n P k pK C 
(Kg/ha) (m) (pp2m) (pp2m) (pp2ra) 
Lurifico, I965 
Rep I 
26 1 671'' .95 1.35 13 391 8.1 .930 
2 5903 1.48 1.31 18 27 392 8.0 1.064 
3 5357 3.05 1.15 26 24 345 8.0 1.143 
4 4800 .^78 1.24 20 27 398 8.0 .997 
7867 3.80 1.48 21 26 338 8.0 1,055 
6 8568 3.10 1.46 28 28 389 8.0 .997 
7 89^ 9 2.88 1.58 13 12 434 8.1 .822 
8 7515 3.45 1.40 23 27 383 8.0 1.172 
9 74?7 3.10 • 1.57 26 21 403 8.1 .909 
10 4350 2.23 1.20 14 ^3 333 8.0 1.026 
11 7102 5.65 1.5' 30 26 35?. 7.9 1.085 
1? 6304 2.53 1.^ 8 23 25 334 8.1 1.085 
13 7"'72 2.48 1.45 22 27 434 8.0 1.026 
14 710' 3.53 1.40 20 28 391 8.0 1.026 
15 5646 1.98 1.35 ?0 •'8 366 8.0 .822 
16 39?3 3.00 1.11 ''5 -^ 8 407 7.8 1.143 
17 3840 2.83 1.05 35 25 340 8.0 1.114 
18 3936 2.85 1.06 34 25 357 8.1 .968 
19 3132 2.33 1.05 26 26 335 8.0 .911 
20 10017 4.75 1.60 11 ?4 416 7.9 1.260 
''I 75''l 4.45 1.42 37 19 369 8.1 .909 
22 7"35 4.23 1.38 21 22 339 8.1 .909 
23 7829 5.28 1.44 37 24 346 8.0 1.055 
24 3988 1.58 1.15 39 21 395 8.2 1.055 
Rep II 
1 4865 2.13 1.^ 1 27 26 385 . 8.0 1.150 
4777 .48 1.26 2'' 15 4 "4 8.1 1.06? 
3 4371 1.85 1.14 28 30 377 8.0 1.121 
4 3657 3.73 1.09 47 20 319 8.1 .649 
5 6664 .68 1.39 25 '5 363 8.0 1.150 
6 6548 3.^ 5 1.35 '^6 '-'7 349 8.0 .973 
7 7395 3.10 1.45 -54 28 400 8.0 1.091 
8 6856 2.10 1.39 23 22 341 8.0 1.003 
9 555? 3.85 1.30 ?1 23 352 8.0 1. '09 
10 4311 3.30 1.17 3 ' 16 409 8.0 .973 
11 8305 3.05 1.50 30 27 328 8.1 1.003 
12 5807 1.90 1.3^ 6 26 403 7.9 1.062 
13 5312 1.83 1.21 99 24 369 8.0 1.444 
14 5471 3.25 1.23 36 24 345 8.1 .679 
15 6392 2.03 1.39 18 23 409 8.0 1.150 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n p k PH c 
(Kg/ha) ii) (in) (pp2m) (pp2m) (pp2m) m 
16 3049 4.?0 .98 36 21 329 8.1 1.032 
17 ;l?91 2.15 1.10 16 22 409 8.0 .973 
18 '.73 1.11 17 24 437 8.1 1.091 
19 3616 1.88 1.06 34 28 339 7.8 .943 
20 7815 4.00 1.49 34 20 350 8.0 1.062 
?1 7941 ).48 1.5" 11 27 439 8.1 1.003 90 9'J84 '•. •••'0 1.50 24 >6 399 8.0 .915 
?3 75O' 1.50 1.47 '4 23 355 7.8 1.150 
3733 ••'.13 1.11 •^ ,4 417 8.0 1.03% 
Golondrinas, I966 
Rep I 
65 1 7792 4.4o 1.34 31 996 8.0 .466 
9 8167 ?.46 1.57 ?4 71 1486 7.8 . .493 
3 8175 2.55 1.55 •'6 71 1072 8.0 .552 
4 7508 \19 1.49 21 66 1140 7.9 .580 
5 464^  1?.45 1.64 •'9 81 1104 8.0 .5'1 
6 6?.50 11.13 1.74 50 r. 1144- 7.8 .580 
7 7483 1.61 44 82 1068 8.0 .521 
8 8'9T 5.^ 5 1.66 40 76 1060 7.8 .608 
9 93?5 4.78 1.60 18 64 2424 8.0 .521 
10 709^ 4.47 1.45 16 61 2240 8.0 .466 
11 8I50 9.44 1.59 94 8" 2294 8.0 .639 
1? 9150 10.80 1.65 23 78 1/08 7.9 .51 
13 8^50 3.68 1.61 35 81 2480 7.9 .55' Ik 10333 3.15 1.66 21 82 1108 7.8 .55-
15 8708 6.?5 1.60 99 71 2408 7.8 .51 
16 6550 3.56 1.39 20 90 2756 7.7 .608 
17 7'83 "\64 1.38 30 66 1112 8.0 .580 
18 7608 2.09 1.50 30 72 2328 7.8 .608 
19 6533 >.48 1.38 22 67 2040 7.8 .5-a 
?0 4350 16.17 1.63 25 64 1108 7.9 .521 
?1 5575 14.94 1.67 26 75 982 7.9 .580 99 55)5 i\y' 1.71 26 71 2080 7.9 .552 
?3 4500 14.3' 1.69 21 65 1124 7.9 .490 0/^  7250 3.40 1.30 36 73 1136 7.9 . 7 6  
Rep II 
1 7175 3.86 1.49 24 86 1268 7.8 .765 
7617 ^.86 1.59 27 90 1116 7.9 .856 
3 6458 ?.78 1.66 25 84 117? 8.0 .825 
4 7499 '\17 1.64 ')5 80 1052 7.7 .793 
5 79"5 9.42 1.63 93 78 1044 7.9 .817 
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Table 23. (Continued) 
4» 
Tmt, Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k PH c 
(Kg/ha) (^) (m) (pp2m) (pp2ni) (pp2m) (2) 
6 7--..5 5.2^ 1.44 30 84 1116 7.6 .8'5 
7 9225 6.37 1.65 41 81 1172 7.9 .947 
8 69 5 4.53 1.55 30 74 107; 8.0 .580 
9 7850 5.04 1.48 36 69 1220 7.9 .793 
10 6583 \08 1.35 26 90 148 7.9 .825 
11 6683 1 .58 1.65 35 70 1168 8.0 1.014 
1' 9858 5.45 1.48 36 75 111-' 8.0 .552 
13 859 3.57 1.36 3I1- yi 1138 b.O .8 5 
14 7333 5.?6 1.40 19 T 111' 7.7 .793 
15 8517 5.64 1.'7 15 70 1096 7.6 .734 
16 65O8 \6l 1.56 14 87 1084 7.7 .793 
17 6583 \57 1.64 29 90 1152 7.9 .856 
18 5775 ).:4 1.66 20 85 1168 8.1 .793 
19 6958 3.93 1.45 35 87 1284 7.9 .915 
?.o 7617 10.17 1.63 27 82 1188 7.9 .856 
?1 6983 8.38 1.61 18 60 1296 7.9 .793 
99 4758 13.84 1.35 19 71 1064 7.7 .765 
9125 14.11 1.45 ^0 66 1116 7.7 .793 
•34 6467 1.98 1.35 30 66 1228 7.9 .765 
San Miguel, I966 
Rep I 
1 3025 1.29 46 66 450 7.5 1.460 
9 4667 1.35 44 74 708 7.T 1.460 
3 4758 1.37 34 72 544 7.7 1.061 
4 3950 1.33 34 63 485 7.7 1.061 
5 5783 1.48 40 94 772 7.3 .896 
6 5142 1.41 '6 72 640 7.4 1. 
7 5650 1.46 41 70 534 7.5 1.160 
8 664" 1.5^ 34 76 722 7." 1.973 
9 4050 1.39 39 68 467 7.3 1.4'4 
10 4008 1.35 18 67 610 7.4 1.0 6 
11 5958 1.54 44 88 69? 7.' 1.357 
12 5233 1.41 30 91 592 7.5 1.460 
13 5558 1.38 ^5 85 608 7.7 1.093 
14 6217 1.50 9? 82 690 7.3 1.061 
15 4917 1.33 46 79 690 7.4 1.389 
16 4^17 l.-'3 42 92 674 7.2 1.061 
17 4483 1.40 24 88 476 7.5 1.19' 
18 3717 1.34 •7 61 576 7.3 1.0 6 
19 3358 1.^4 40 63 449 7.6 1.061 
20 3867 1.45 35 108 682 7.5 1.160 
21 5350 1.57 24 82 640 7.4 1.129 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n p k pH C 
(Kg/ha) (^ ) (m) (pp?m) (pp2m) (pp2m) (%) 
op 5733 1.56 45 82 674 7.3 1.129 
:.>3 7033 1.43 35 98 476 7.4 1.389 
3441 l.)l 37 60 690 7.5 1.2)7 
Rep II 
1004 1 4517 l.-'9 •3 85 7.5 1.093 
/+650 1.35 :'l 66 692 7.6 1.19 
3 5533 1.36 31 91 670 7.2 1.295 
4 4350 1.33 35 76 6^ 16 7.6 1.160 
5 4?50 1.41 56 75 612 7.6 1.393 
6 7167 1.36 37 99 65.2 7.3 1. '95 
7 6400 1.55 38 60 658 7.6 1.136 
8 4-75 1.47 54 84 680 7.4 1.19' 
9 4017 1.31 43 70 660 7.5 1.129 
10 3517 1.23 34 99 670 7.6 1.259 
11 609? 1.5' 49 89 716 7.7 1.136 
1" 5375 1.45 51 83 638 7.8 1.590 
13 944? 1.4? "^ 6 71 640 7.6 1.160 
14 3800 1.^ 7 14 99 718 7.5 1.093 
15 4550 1.38 • 20 80 654 7.5 1.19' 
16 389? 1.''8 37 68 632 7.6 1.093 
17 3108 l. )6 . 49 40 1004 7.3 .9^ 7 
18 3-9:' l."7 09 68 656 7.8 1.061 
19 4083 • - 1.3^  15 115 796 7.7 .896 
90 5850 1.51 36 81 588 7.5 1.1'9 
?1 5-33 1.51 15 98 666 7.5 1.136 
4305 1.45 30 94 638 7.5 l.\:7 
03 7000 .1.56 21 72 638 7.6 1.0 6 
4000 1.28 40 96 674 7.3 1.160 
San Cristobal, I966 
Rep I 
1 7300 7.?5 1.61 "0 54 672 7.4 .694 
? 8158 ?.08 1.75 ''5 95 604 7.3 1.061 
3 7608 1.76 1.70 30 56 570 7.6 .791 
4 6450 1.70 1.66 2' 53 680 7.5 .694 
5 51^ 5 6.-1 1.77 27 64 736 7.5 .791 
6 3?67 9^7 1.63 31 56 568 7.7 .963 
7 6958 •\6^  1.74 29 46 754 7.5 .797 
8 7383 3.7'' 1.44 ' -^ 0 61 758 7.3 .829 
9 14808 ?.14 1.35 27 52 600 7.6 .762 
10 5783 1.65 1.54 35 38 469 7.5 .927 
11 6900 2.7? 1.71 20 54 685 7.5 .829 
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Table 23. (Continued) 
%lt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k pH c 
(Kg/ha) (^) (m) (pp2m) (pp2m) (pp2m) m 
1'^ 6760 8.11 1.60 26 59 528 7.4 1.227 
13 7408 1.77 1.44 24 55 798 7.5 .791 
14 8383 2. '3 1.75 33 64 656 7.3 .797 
15 8383 ''.40 1.40 16 66 572 7.5 .927 
16 594 1.99 1.77 31 54 602 7.5 .860 
17 6733 \08 1.69 4> 35 497 7.7 .896 
18 63 '5 1.6" 1.53 26 48 521 7.5 .896 
19 7050 1.57 1.61 -6 46 512 7.6 1.093 
-'0 344' 5.45 1.56 21 54 574 7.6 .829 
''1 7333 5.60 1.^9 39 37 544 7.8 .995 p'l 4675 6.50 1.48 32 59 646 7.4 .860 
"3 6350 8,08 1.35 40 43 501 7.4 1.025 
•7/j, 5317 1.49 l.?9 29 56 626 7.5 .797 
Rep n 
1 6000 9.47 1.71 40 61 6l4 7.2 1.160 
9 6158 1.55 1.57 37 60 584 7.3 .896 
3 774?. 1.46 1.33 11 50 588 7.5 .829 
4 7?58 1.17 1.45 35 46 770 7.2 .829 
5 6175 3.97 1.73 43 33 368 7.6 1.0^ 5 
6 8300 7.20 1.38 29 48 706 7.3 ,860 
7 8l?5 7.1? 1.41 47 56 652 7.2 .797 
8 7675 ?.16 1.49 42 70 668 7.2 .963 
9 8458 4.8'^ 1.43 47 34 385 7.6 1.061 
10 609"^ 1.33 1.6-" 23 56 836 7.2 .8'^9 
11 7950 10.80 1.34 34 55 596 7.4 .797 
1-^  6175 1.65 1.73 33 5:^  696 7.3 .896 
13 7717 3.19 1.7" 43 46 562 7.2 .896 
14 839':' •5,?i 1.51 42 38 538 7.5 .819 
15 6467 1.93 1.58 36 46 622 7.--Î .860 
16 5767 1.^7 1.60 41 65 640 7.3 .896 
17 5933 9.0? 1.66 35 45 714 7.5 .860 
18 5367 1.84 1.-^ 4 29 57 802 7.2 .896 
19 6008 5.80 1.59 38 56 578 7.2 .791 
?0 4133 6.8^ 1.67 5'' 44 518 7.2 .995 
?1 3583 3.65 1.59 29 37 450 7.4 .9"7 
P? 4917 10.18 1.67 36 47 570 7.2 . 9 7  
93 ?!767 4.7^ . 1.55 25 50 708 7.2 . 8 9  
?4 6567 2.80 1.63 40 37 462 7.2 .963 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k pH c 
(Kg/ha) (^) (ra) (pp2m) (pp2m) (pp2m) {%) 
Tavara, I966 
Rep I 
6? 4l6 1 399? 5.37 i.r 1 8.4 .793 9 4350 5.92 1.14 50 2 372 8.5 .939 
3 6-58 4.57 1.14 5' 2 438 8.3 .880 
4 41^ 5 3.97 1.10 46 i' 361 8.2 .734 
5 4533 4.90 1.20 51 "95 8.8 .529 
6 5900 4. '7 1.24 55 ?. 357 8.2 .73^ + 
7 5158 4.97 1.1-^  44 2 3^ 1-0 8.1 .765 
8 4133 6.40 i.n 55 '> 389 8.5 .852 
9 39?5 4.07 1.12 34 3 408 8.7 .5^ 9 
10 3453 6.07 1.04 4-"> 2 337 8.6 .706 
11 5300 5.40 l.-'8 54 ? 361 8.3 .793 
1? 3467 7.80 1.03 50 2 354 8.6 .64? 
13 4950 2.30 1.13 59 2 4ij.5 8.2 .967 
14 4567 3.97 l.'^ .O 48 •? 350 8.2 .880 
15 4700 5.10 1.14 57 0 37? 8.4 .734 
16 254? 6.02 .98 63 0 360 8.5 .706 
17 3?67 4.07 1.09 1^ 4 3 364 8.5 .765 
18 3317 5.^ ? 1.01 46 3 231 8.5 .734 
19 4it'4? 4.3? 1.07 59 0 439 8.9 .939 
20 7?00 4.65 1.26 53 9 412 8.'^  .675 
21 6517 5.17 1.28 61 9 411 8.4 .734 
22 5867 4.57 1.29 56 0 356 8.7 .588 
'3 6?67 6.27 1.30 46 356 8.^  .734 
9750 4.77 1.05 59 2 385 8.3 .706 
Rep II 
1 4150 ?.85 1.08 48 2 293 8.3 .8-^ 1 
3608 4.17 1.06 48 ?, 37' 8.4 .821 
3 5267 4.95 1.16 64 454 8.3 .912 
4 3700 5.17 1.08 50 ? 371 8.6 .560 
5 6?33 7.00 1.17 48 2 309 8.4 .849 
6 5392 4.15 1.18 34 0 294 8.2 .588 
7 46-^ 5 3.7" 1.^ 3 56 ') 440 8.2 .793 
8 4"'08 5.1--' l.-^ l 57 0 388 8.2 .765 
9 5775 4.00 1. '1 67 1 43 8.3 .909 
10 3800 4.57 1.03 64 ? 366 8.5 .675 
11 4550 5.75 1.19 41 Q 392 8.4 .734 
1^  389'^ ' 3.57 1.07 53 3 385 8.3 .852 
13 634? 5.^ 0 1.18 53 1 389 8.4 .868 
14 4995 5.40 1.13 51 2 388 8.4 .588 
15 6050 2.92 l.'^ l 67 9 404 8.3 .848 
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Table 23. (Continued) 
Tint. Grain Aborted Plant Soil Test 
No, Yield Grain Height n P k pH C 
(Kg/ha) ('^ ) (w) (pp2m) (pp2iu) (pp2m) ('/O 
16 ?558 3.45 .95 72 2 419 8.3 .675 
17 3350 3.35 .98 43 2 336 8.4 .647 
18 3633 3.60 1.03 46 1 292 8.5 .734 
19 1467 3.55 1.08 41 3 347 8.2 .675 
20 6383 5.40 1.24 56 2 375 8.3 .912 
a 5175 3.92 1.35 67 2 471 8.'d .793 
569:» 5.72 1.27 46 2 332 8.5 .588 
"3 6817 5.15 1.33 43 2 28^ 1" 8.3 .908 
2117 3.50 .92 43 2 293 8.4 .912 
Tablazos, 1966 
Rep I 
1 8?75 2.85 1.43 31 3 255 8.1 .726 
2 5933 1.81 1.41 39 3 328 7.9 1.105 
3 484? 2.75 1.30 33 2 289 8.0 .947 
4 3940 1.51 1.20 32 2 263 8.1 .789 
5 6525 4.00 1.61 50 3 315 8.0 .978 
6 7175 5.12 1.44 57 3 287 8.0 1.168 
7 7608 4.27 1.71 44 3 327 8.0 1.136 
8 754?. 3.32 1.54 27 3 290 7.9 .789 
9 5108 2.75 1.40 44 1 308 8.0 .947 
10 3117 1.51 1.11 33 3 301 8.1 .789 
11 6625 3.67 1.38 45 2 312 8.0 1.074 
1? 6350 2.61 1.48 46 3 285 8.1 .852 
13 6242 3.47 1.55 40 2 355 7.9 .821 
14 6742 4.05 1.67 26 2 274 8.1 .663 
15 68')5 3.15 1.51 20 4 3'"0 8.1 .789 
16 3542 3.60 l.?l 38 4 356 8.0 .789 
17 4692 2.77 1.31 47 4 324 7.9 .632 
18 4950 2.75 1.23 51 2 354 8.0 .852 
19 4508 1.34 1.13 47 2 332 8.1 .862 
''O 6525 3.55 1.42 15 3 272 8.1 .995 
n 6475 4.20 1.66 28 3 250 8.1 .789 
?? 7167 3.22 1.56 53 4 308 7.9 .789 
23 6933 3.37 1.63 49 3 358 8.0 .947 
3325 ?.75 1.12 45 2 326 8.0 1.295 
Rep II 
1 6408 3.57 1.39 31 2 251 8.1 .513 
? 5000 2.75 1.30 54 2 304 8.0 .825 
3 5850 3.52 1.33 43 2 279 8.0 .886 
4 ? 7100 3.72 1.45 13 4 265 8.1 .426 
5 47O8 5.34 1.51 41 2 297 8.1 .742 
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Table 23. (Continued) 
Tmt. 
No. 
Grain 
Yield 
(Kg/ha) 
Aborted 
Grain 
(i) 
Plant 
Height 
(m) 
n 
(pp2m) 
Soil Test 
P k 
(pp2ra) (pp2m) 
PK C 
(^ ) 
6 639? 2.97 1.50 44 3 271 8.1 .943 
7 6733 2.77 1.53 49 3 323 8.1 .825 
8 684? 3.77 1.49 35 2 305 8.0 .967 
9 5267 2.97 1.3? 37 2 336 8.0 1.109 
10 2433 3.75 1.15 47 2 301 8.1 .880 
11 6550 3.35 1.40 42 2 285 8.0 .825 
I'? 5158 7.52 1,43 60 2 271 8.0 .967 
13 3000 1.67 1.16 49 2 306 8.0 .738 
14 6242 5.60 1.41 49 2 299 8.0 .888 
15 5908 4.42 1.40 50 2 284 8.0 .935 
16 5117 4.27 1.32 52 2 299 8.1 1.022 
17 3200 4.91 1.17 45 4 317 8.1 .825 
18 6400 4.00 1.46 49 7 347 8.1 .825 
19 4?58 4.00 1.26 52 4 331 8.0 1.049 
20 6425 3.72 1.44 53 2 318 8.1 .852 
?.l 4767 3.50 1.33 48 2 318 8.1 .797 
22 7683 3.75 1.51 47 4 300 8.0 .912 
3^ 6058 3.50 1.65 56 2 304 8.0 .880 
3642 2.92 1.19 55 3 282 7.9 .939 
Huabal, I966 
Rep I 
1 5500 4.3?. 1.23 23 1 189 8.4 .666 
?. 5592 4.35 1.23 26 2 190 8.3 .722 
3 2975 3.22 1.16 31 2 175 8.3 .694 
4 5183 3.80 1.13 37 2 169 8.4 .639 
5 7933 6.57 1.4? 30 2 176 8.3 .781 
6 7508 4.45 1.25 43 2 154 8.2 .781 
7 9067 5.67 1.46 36 1 205 8.3 .726 
8 7875 4.10 1.29 28 1 169 8.0 ,666 
9 7792 4.30 1.33 32 1 195 8.3 .781 
10 4?75 3.47 1.14 31 1 178 8.3 .694 
11 6617 7.51 1.35 41 1 189 8.3 .836 
12 6250 4.75 1.08 33 2 180 8.2 .639 
13 7925 3.87 1.26 24 1 207 8.2 .694 
14 6567 4.17 1.39 27 2 180 8.3 .694 
15 7492 4.45 1.29 42 2 186 8.3 .726 
16 2417 2.92 1.12 36 1 172 8.3 .694 
17 3O83 2.50 1.05 31 1 174 8.4 .666 
18 3300 2.11 1.15 44 2 173 8.2 .694 
19 3758 3.50 1.1? 29 2 173 8.2 .525 
20 8825 5.65 1.44 20 2 180 8.3 .580 
?1 7667 5.52 1.47 29 2 193 8.2 .722 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k PH C 
(Kg/ha) (m) (pp2m) (pp2m) (pp2in) 
90 7867 6.32 1.40 30 1 170 8.4 .639 
23 8^ 9? 4.32 1.39 22 2 147 8.2 .552 
% 464? 2.67 1.12 21 1 181 8.1 .781 
Rep II 
1 5675 3.60 1.22 33 3 178 8.2 .781 0 5375 .^18 1.16 33 2 173 8.2 .7^ ''. 
3 5 "4"' 3.5^  l.-'O "'1 2 181 8.3 .809 
4 5867 3.95 1.23 40 2 208 8.2 .836 
5 7''08 5.6') 1.40 50 4 -'ll 8.2 .840 
6 8008 6.45 1.36 55 2 167 8.3 .722 
7 8792 5.15 1.39 28 1 153 8.3 .781 
8 7108 4.15 1.40 43 3 171 8.2 .9^ 3 
9 7550 3.6' 1.28 34 2 169 8.3 .608 
10 3292 3.85 1.12 33 2 200 8.2 .896 
11 709^  6.25 1.35 41 2 181 8.2 .809 
1? 459? 4.32 l.?4 33 1 169 8.3 .72? 
13 6658 4.37 1.-^ 4 34 2 168 8.3 .722 
14 819'' 4.60 1.36 45 3 190 8.2 .722 
15 8008 4.6" 1.30 37 2 178 8.2 .694 
16 oyi).-;. 2.95 1.11 43 2 187 8.3 .955 
17 "458 3.17 1.11 45 2 198 8.3 .836 
18 4475 3.42 1.15 . 46 3 189 8.2 .896 
19 3892 2.35 1.10 30 2 165 8:3 .809 
20 8475 5.85 1.45 29 2 163 8.3 .781 
1^ 6000 6.07 1.34 51 2 191 8.3 .836 
8417 5.95 1.41 40 2 144 8.3 .694 
?3 8?25 5.75 1.35 49 1 196 8.3 .781 
3225 3.60 1.09 32 1 180 8.3 .722 
Mancoche, I966 
Rep Ï 
6083 1 2.32 1.00 52 3 220 8.2 .880 
2 6183 2.15 .99 43 3 191 8.9 1.0'2 
3 6125 1.05 29 3 165 8.9 .770 
4 6842 ?.69 1.06 58 3 195 8.1 1.164 
5 7050 2.40 1.06 35 3 193 ' 8.1 .825 
6 8375 2.58 1.17 52 3 193 8.9 1.026 
7 8800 '\14 1.10 50 4 216 8.1 1.022 
8 8100 2.46 1.08 39 3 183 8.1 .884 
9 7242 ?.05 1.07 28 3 171 8.1 .868 
10 3883 2.53 .91 51 3 208 8.2 1.054 
11 8500 3.57 1.19 34 3 159 8.2 .967 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k PH • C 
(Kg/ha) (^) (m) (pp2ra) (pp2m) (pp2m) (^) 
1? 7108 1.66 1.07 58 3 228 8.2 .967 
13 7^ .50 ?..?0 1.13 30 3 169 8.2 .797 
14 6875 1.80 1.04 44 3 192 8.1 1.875 
15 7^ 50 2.00 1.09 54 3 209 8.2 .925 
16 4383 2. a .9^  45 3 192 8.? 1.026 
17 4533 1.68 .91 44 3 201 8.0 .884 
18 4900 1.37 .97 49 3 166 8.2 1.160 
19 4375 1.56 1.0? 59 3 24l 8.1 1.103 
20 764? 2.71 1.13 3^ P 3 159 8.1 .995 
?1 864^  3.47 1.14 38 3 202 8.1 .910 
09 7100 .^80 1.01 49 3 191 8.0 .967 
23 7775 3.26 1.14 31 3 168 8.1 .868 
3508 3.46 .90 40 3 201 8.1 .939 
Rep II 
1 5583 1.99 1.01 43 4 161 8.1 1.022 
9 619? 1.00 .97 39 4 226 8.4 1.066 
3 7008 1.38 1.13 65 3 284 8.3 1.049 
4 609? 1.88 1.06 49 3 333 8.1 .967 
5 8467 ?.8? 1.03 54 3 248 8.3 1.156 
6 8533 ^^ .36 1.21 49 2 210 8.1 1.014 
7 8883 ?.62 1.11 59 3 190 8.1 .967 
8 9133 '\75 1.08 48 3 22? 8.1 1.164 
9 8??.5 2.53 1.12 58 4 277 8.3 1.109 
10 4833 1.84 .92 61 4 248 8.4 1.1^ 9 
11 8108 3.05 1.16 50 3 2?1 8.0 .884 
1^  8183 2.":^ 8 1.09 44 3 200 8.1 1.0'?, 
13 8933 2.69 1.15 61 4 233 8.4 1.271 
14 79?5 2.15 1.09 61 3 204 8.2 1.046 
15 7708 3.6:" 1.10 37 3 174 8.2 .995 
16 454? 2.55 .96 53 3 . 230 8.1 1.022 
17 7325 'MO .96 50 3 947 8.4 1.136 
18 4983 1.83 1.00 57 3 2?4 8.3 1.046 
19 4??5 1.80 1.03 51 3 210 8.1 .884 
20 8158 3.65 1.11 61 4 208 8.3 1.109 
21 7349 3.40 1.13 59 4 204 8.1 .967 
2? 7992 4.15 1.17 47 3 230 8.4 1.049 
03 784? 1.11 1.10 55 4 215 8.0 1.077 
?A 5675 1.74 .95 58 3 227 8.1 1.100 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k PH c 
(Kg/ha) ($) (m) (pp2m) (pp2m) (pp2m) (^) 
• El Hornito, 1966 
Rep I 
26 .639 1 ?99') 3.''5 .98 ? 144 8.1 
? 3400 6.3? .99 41 3 189 8.1 .813 
3 4417 4.60 1.03 38 3 198 8.1 .608 
k 5175 5.40 .96 41 2 174 • 8.0 .608 
5 7?83 3.95 1.10 36 3 185 8.1 .639 
6 8067 5.9? l./O 29 3 169 8.1 .580 
7 904? 8.09 1.31 33 9 184 8,1 .694 
8 994? 6.05 1.44 39 3 203 8.1 .666 
9 poo .^55 .T 2? 9 137 8.2 .639 
10 ?o?5 4.9' .91 33 1 167 8.1 .694 
11 7008 5.7^  1.30 3- 3 156 8.1 .694 
1' 5358 3.90 1.04 ?4 1 165 8.1 .580 
13 6383 3.70 1.09 37 3 213 8.0 .580 
14 5758 3.57 1.03 37 4 166 8.1 .726 
15 5358 6.47 1.08 39 2 191 8.1 .666 
16 2175 3.67 .90 98 9 156 8.1 .694 
17 ?150 -^ .85 .93 31 1 163 8.1 .580 
18 3333 3.07 .99 "7 9 156 8.1 .294 
19 "^ 383 3.75 .90 90 1 181 8.1 .580 
6517 6.90 1.10 98 4 159 8.1 .466 
21 869? 5.10 1.30 49 ?. 207 8.0 1.101 
2? 96?.5 5.5? 1.07 33 4 188 8.0 .666 
?3 7650 4.95 1.07 4.9 3 198 8 .2  .552 
94 9383 4.97 .89 31 4 160 8.0 .552 
Rep II 
1 3908 4.00 .96 29 1 159 8.1 .434 
? 3417 3.77 1.00 31 2 149 8.1 .608 
3 4''00 4.0?. .98 94 9 124 8.1 .421 
4 5549 3.4") 1.16 39 1 152 8.1 .434 
5 76 ^"5 5.05 l.?4 21 2 151 8.2 .315 
6 6400 3.6^  1.13 33 2 149 8.2 .315 
7 5917 4.':") 1.10 27 3 107 8.9  .'711 
8 7617 4.85 1.16 17 1 1?4 8.1 .315 
9 5350 5.75 1.09 28 9 144 8.0 .497 
10 4008 7.37 1.04 34 2 160 8.0 .315 
11 8058 5.40 1.35 31 ? 140 8.1 .407 
1? 7317 6.00 1.19 27 9 161 8.1 .711 
13 6750. 3.7^  1.14 ?.7 9 148 8.1 .711 
14 50O8 7.45 1.00 44 1 179 8.0 .666 
15 7092 8.7? 1.09 36 2 945 8.0 .608 
158 
Table 23. •( Continued ) 
Tint. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k PH c 
(Kg/ha) i i )  (m) (pp2m) (pp2m) (pp2m) 
16 9767 6.?7 .96 30 2 132 8.1 .434 
17 0040 7.86 .90 36 ? 159 8.0 .608 
18 3017 7.41 1.08 45 2 184 8.0 .497 
19 "700 7.81 .97 22 2 135 8.1 .362 
20 67O8 '^.67 1.3' 40 2 169 8.1 .7''' 
?1 7908 ^.85 1.36 35 3 157 8.1 .434 
90 784") 3.3;^ 1.26 15 9 163 8.2 .711 
93  8733 4.4'-' 1.3? 41 ? 175 8.1 .407 
•^it- "658 5.35 .97 16 2 161 8.0 .580 
Huarangoparapa, 1964 
Rep I 
1 5603 ?.08 "4 4 861 8.2 1.097 0 51''4 1.10 40 5 519 8.4 1.-59 
3 6783 1.20 164 10 719 8.1 3.012 
4 6883 l.-'O 67 5 578 8.3 1.038 
5 5846 -^ .30 81 7 681 8.3 1.756 
6 6183 1.43 47 4 722 8.2 1.156 
7 5918 ?.oo 74 7 666 8.3 1.267 
8 5858 1.85 131 4 683 8.2 1.737 
9 5893 .78 71 7 581 8.3 1.579 
10 5153 1.65 46 5 585 8.2 1.338 
11 6065 1.80 n 8 719 8.2 .860 
I''. 6'71 1.60 76 8 700 8.? 1.220 
13 59^6 1.83 60 4 495 8.2 1.137 
14 554^ 2.03 43 8 567 8.5 .999 
15 6789 1.90 35 16 1037 8.0 1.658 
16 4333 1.58 105 10 855 8.2 1.137 
17 3711 2.68 92 5 533 8.3 1.378 
18 6596 1.35 138 12 854 8.3 1.997 
19 496? 1.93 53 6 617 8.4 1.078 
3958 6.13 80 13 8?2 8.4 1.756 
^1 5944 1.68 116 6 631 8.2 1.776 
?2 4305 -^.98 92 19 1157 8.0 1.4')l 
03 5930 -^ .43 64 9 938 8.1 1.599 
4678 1.10 88 5 674 8.3 1.239 
Rep n 
1 6383 1.33 68 10 1184 8.4 1.756 
9  573?. 2.33 50 13 762 8.4 1.535 
3 6536, 1.63 140 9 1049 8.5 1.796 4 64l6 1.48 113 11 849 8.3 1.954 
5 5845 1.65 51 10 755 8.5 1.117 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k PH C 
(Kg/ha) (/") (m) (pp2m) (pp2ni) (pp.2m) 
6 6058 1.45 88 11 627 8.5 1.156 
7 4383 5.13 124 10 876 8.4 2.017 
8 5965 1.78 89 10 984 8.5 1.200 
9 6673 1.85 79 12 725 8.3 1.934 
10 5165 1.5s 104 9 782 8.5 1.42?, 
11 55'9 \58 16? 12 853 8.4 1.954 
1' 6117 1.43 98 8 801 8.3 1.914 
13 6619 1.90 Tl 8 953 8.5 1.599 
14 6508 1.53 64 15 813 8.4 1.417 
15 5538 2.?0 69 7 659 8.5 .939 
16 3499 2.48 :^ 5 11 663 8.4 1.638 
17 5748 1.90 100 13 768 8.4 1.555 
18 581? 1.75 52 7 717 8.5 1.535 
19 5676 ?.10 20 7 636 8.3 1.437 
'^ 0 4480 '.''0 64 7 678 8.4 2.076 
'^ 1 534? 3.38 5-^  8 779 8.2 1.875 
99 5"65 3.63 97 7 1046 8.5 1.259 
?3 5338 4.35 115 5 657 8.5 1.137 
O/J. 4815 ?.?0 92 9 789 8.2 1.239 
Huarangopampa, I965 
Rep I 
1 <^687 2.60 1.64 33 4 613 8.5 .814 
? 5317 ?.oo 1.85 38 4 575 8.5 .814 
3 4579 1.45 1.90 42 5 707 8.5 .872 
4 48?3 :'.58 1.63 51 5 805 8.2 .930 
5 1?9^  3.70 1.8? 23 4 506 8.5 .756 
6 ?735 3.48 1.87 49 5 509 8.2 .698 
7 %555 3.40 1.84 75 5 755 8.1 .901 
8 1688 3.03 1.88 49 4 750 8.5 .872 
9 3889 4.00 1.76 55 5 675 8.1 .814 
10 56:^ 7 1.30 1.44 41 4 691 8.3 .611 
11 ?014 2.48 1.85 46 4 727 8.5 .756 
12 3^ 81 3.70 1.96 5? 5 854 8.0 .756 
13 3590 3.63 1.76 71 7 837 8.0 .901 
14 ?113 ?.28 1.93 38 4 513 8.4 .843 
15 4199 1.43 1.76 48 5 520 8.3 .872 
16 4740 l.?8 1.52 54 5 590 8.5 .872 
17 5185 l."5 1.57 45 3 414 8.5 .756 
18 5310 1.73 1.57 45 6 692 8.2 1.075 
19 4739 1.38 1.63 38 4 1160 8.0 .930 
.?o 2541 ?.95 1.77 67 4 720 8.0 .901 
21 909 4.05 1.82 61 5 795 8.5 .930 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
Mo. Yield Grain Height n P k pH . G 
(Kg/ha) (^) (m) (pp2m) (pp2n) (pp2m) (^) 
2? 129? 3.13 1.91 48 7 678 8.1 .901 
?3 1974 ?.40 1.84 74 6 590 8.5 .988 
2k 45?? 1.53 1.59 47 4 525 8.5 .814 
Rep II 
49 1 311- ?.03 1.83 5 979 8.0 1.279 
9 3864 1.40 1.81 25 6 739 8.2 1.054 
3 51^ 7 1.48 1.79 75 7 8.0 1.242 
k 9716 1.45 1.76 70 10 1160 8.0 1.505 
5 ,^-^ 07 %63 1.82 87 6 909 8.1 1.016 
6 155' 3.73 1.87 56 6 643 8.1 1.091 
7 ?459 3.45 1.87 48 8 779 8.1 1.542 
8 3.33 1.83 72 7 620 8.1 1.242 
9 387? ?.05 1.93 58 6 884 8.1 1.392 
10 4177 1.30 1.52 34 7 807 8.1 1.617 
11 ???1 ''.83 1.90 50 7 1285 8.0 1.355 
1") 431? 1.75 r.77 47 6 682 8.3 1.204 
13 ?.6?5 3.?0 1.76 70 7 700 8.1 1.279 
14 "76" 3.^ 8 1.77 68 7 578 8.1 1.091 
15 3-61 3. "5 1.86 64 8 1301 8.0 1.317 
16 4977 1.05 1.55 44 6 760 8.5 .979 
17 4739 1.20 1.47 53 8 744 8.1 1.167 
18 3413 1.60 1.50 92 7 886 8.1 1.617 
19 4937 1.^ 3 1.60 52 7 909 8.0 1.317 
90 ?64l 2.18 1.88 21 6 487 8.2 1.054 
n ').70 1.82 81 6 741 8.0 1.242 
1843 2.85 1.88 71 6 711 8.1 1.355 
'3 9?6 3.90 1.88 54 6 763 8.0 1.430 
3372 1.33 1.43 81 8 1206 8.1 1.091 
Morerilla, I965 
Rep I 
1 4179 1.35 1.45 54 6 740 7.9 1.191 
? 5963 .78 1.64 35 5 739 8.0 1.051 
3 551? .98 1.79 55 4 660 8.0 1.156 
4 5?5' .83 1.46 38 5 51'' 8.0 .807 
5 39^ 1 1.00 1.88 , 24 4 448 8.3 .667 
6 5366 2.85 1.76 19 6 490 8.0 1.016 
7 4646 2.33 1.9'^  47 5 695 8.0 .843 
8 418^  4.38 1.85 69 5 578 8.0 .877 
9 5314 4.50 1.82 43 4 662 8.0 .807 
10 4347 1.^ 3 1.49 53 4 653 7.9 1.051 
11 4633 4.03 1.81 42 7 615 • 8.0 .912 
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Table 23. (Continued) 
Tint. Grain Aborted Plant Soil Test 
No, Yield Grain Hoight n P k PH C 
(Kg/ha) (^) (ill) (pp2ni) (pp2m) (pp2m) (^) 
11 3708 1.^ 3 1.92 39 5 597 8.0 .877 
13 3894 1.33 1.75 35 6 565 8.0 .843 
14 51'? 1.93 1.9? 24 4 515 8.3 .737 
15 39:? 5.60 1.86 50 5 639 8.0 .877 
16 '549 1.08 1.31 48 5 580 8.1 .667 
17 3309 1.05 1.34 53 4 638 8.0 .843 
18 5846 .65 1.37 67 6 727 8.0 .981 
19 4691 .93 1.39 57 5 532 8.0 .84) 
20 2138 3.85 1.81 19 8 500 8.0 .843 
n 49-^ 0 3.35 1.85 46 5 609 8.2 .946 
yo 3179 5.13 1.67 70 5 771 8.0 1.086 
yj ?617 6.23 1.88 37 6 774 8.0 1.191 
3850 .93 1.36 22 4 300 8.3 .563 
Rep II 
1 6-^ 15 1.35 1.85 43 4 597 8.2 .981 
9 6463 .58 1.70 66 8 851 8.0 .877 
3 4479 1.03 1.56 41 5 513 8.3 .772 
4 389? .90 1.43 36 5 501 8.2 .702 
5 5^5 2.50 1.92 40 6 726 8.2 .842 
6 4310 3.85 1.89 56 5 707 8.1 .807 
7 361:". 3.50 1.87 52 5 827 8.1 1.016 
8 3810 4.83 1.90 32 5 617 8.1 .807 
9 5505 .65 1.77 70 4 737 8.1 1.156 
10 350': .88 1.^ 5 69 5 775 8.3 .946 
11 2197 7.53 1.93 50 6 729 8.0 .981 
1^  5659 1.93 1.86 76 3 774 8.1 .981 
13 4104 1.88 1.88 38 5 516 8.0 .772 
14 5665 .75 1.78 28 4 876 8.1 .981 
15 6025 4.50 1.90 33 4 489 8.1 .912 
16 4087 1.13 1.73 48 5 648 8.1 1.051 
17 3686 .65 1.31 . 43 5 561 8.3 .772 
18 4?2? .95 1.32 65 4 904 8.2 1.191 
19 6007 .95 1.55 43 5 792 8.2 1.016 
20 1847 9.40 1.85 61 5 887 8.0 1.121 
?1 4153 4.85 1.85 75 4 674 8.1 .877 
00 3305 4.45 1.88 67 5 779 8.1 .981 
23 2815 4.75 1.88 59 4 650 8.2 .912 
?4 4248 .75 1.41 42 5 864 8.2 .981 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k PH c 
(Kg/ha) (m) (pp2m) (pp2m) (pp2m) (^) 
Huarangopampa, 1966 
Rep I 
60 1 55^2 3.80 1.80 5 704 8.2 .870 
2 5042 1.92 1.76 104 8 894 8.2 1.540 
3 4707 1.52 1.61 76 6 954 8.4 .950 
4 6150 1.98 1.80 iré 4 554 8.3 .510 
5 6092 3.67 1.59 77 3 475 8.5 .947 
6 5725 3.85 1.45 63 6 6 04 8.4 .790 
7 6?58 2.23 1.91 95 5 735 8.4 1.500 
8 4883 4.65 1.85 100 7 872 8.2 1.540 
9 6425 1.90 1.74 81 5 620 8.3 1.500 
10 6758 1.04 1.71 78 5 560 8.5 .990 
11 5817 • 3.20 1.68 87 6 638 8.3 .990 
12 6542 1.60 1.61 78 7 662 8.5 .870 
13 6817 1.80 1.73 83 6 624 8.4 .990 
14 5817 2.44 1.45 40 5 654 8.1 .430 
15 6608 .90 1.62 71 4 554 8.5 1.030 
16 3925 1.75 1.81 75 5 940 8.3 .910 
17 2750 1.55 1.83 94 5 798 8.4 1.460 
18 5725 .85 1.69 39 6 690 8.2 .430 
19 5925 1.30 1.71 45 8 644 8.0 .750 
20 3067 2.71 1.63 79 5 778 8.2 1.140 
21 6225 4.92 1.62 67 8 636 8.4 .830 
22 5917 4.12 1.58 75 3 482 8.6 .990 
23 7833 2.56 1.64 72 7 988 8.3 .910 
24 6558 1.32 1.73 37 5 542 8.3 1.580 
Rep II 
1 5492 1.65 1.77 82 8 796 8.0 1.500 
2 6358 1.47 1.82 77 6 763 8.3 1.460 
3 6042 1.67 1.78 49 6 782 8.1 .790 
4 6117 1.35 1.81 69 7 752 8.5 .830 
5 6383 1.57 1.46 68 5 788 8.3 1.070 
6 4942 4.62 1.64 63 4 499 8.5 .750 
7 4425 3.05 1.73 65 8 932 7.9 .990 
8 4108 2.37 1.64 75 5 494 8.4 .73.0 
9 4800 1.38 1.88 70 8 914 7.9 .870 
10 5817 1.77 1.66 86 6 804 8.0 1.300 
11 4575 1.87 1.88 62 7 926 7.9 .950 
12 6467 1.95 1.76 96 7 630 8.3 .990 
13 6192 2.41 1.44 56 6 764 8.0 .790 
14 5367 2.22 1.82 85 5 628 8.4 1.070 
15 4958 2.24 1.76 92 8 812 8.3 1.340 
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Table 23. (Continued) 
Tînt. Grain Aborted Plant Soil Test 
No, Yield Grain Height n P k PH c 
(Kg/ha) (^) (m) (pp2m) (pp2m) (pp2m) (;() 
16 4667 1.70 1.79 65 11 784 8.0 1.500 
17 4525 4.45 1.61 70 11 744 8.2 1.420 
18 5708 1.8? 1.51 82 5 479 8.5 .710 
19 5133 1.50 1.82 71 5 754 8.4 1.070 
20 3042 6.90 1.87 74 5 688 8.3 .950 
21 565s 2.85 1.81 74 7 734 8.6 .830 
?2 5058 3.80 1.74 74 7 794 8.1 1.110 
;>3 5;!67 1.97 1.68 71 0 802 8.3 .990 
PA 5883 .44 1.55 71 7 760 8.6 .870 
Morerilla, I966 
Rep I 
1 2192 2.70 1.00 43 4 512 8.1 .746 
2 3783 1.31 1.30 84 3 794 8.2 1.223 
3 3742 1.59 1.16 61 3 702 8.3 1.188 
4 4117 1.85 1.07 50 3 594 8.2 .714 
5 4858 2.24 1.22 31 2 504 8.2 .951 
6 4158 3.0.2 1.27 62 4 545 8.1 .884 
7 5400 2.27 1.36 83 3 884 8.2 1.223 
8 5617 2.50 1.38 77 4 748 8.2 1.121 
9 4508 1.46 .91 49 2 618 8.1 .849 
10 1567 2.22 .74 45 4 651 8.2 .714 
11 3733 1.73 1.29 38 4 610 8.0 .714 
12 4000 3.89 1.41 77 3 910 8.2 1.156 
13 4258 2.68 1.03 66 4 668 8.1 .951 
14 3525 2.45 1.01 81 3 800 8.2 .679 
15 2933 2.03 1.10 66 3 616 8.3 .679 
16 23O8 2.39 .75 62 4 584 8.2 .884 
17 3383 2,38 1.20 90 3 852 8.2 1.227 
18 2917 1.71 .94 57 5 562 8.2 .951 
19 2567 2.57 1.33 43 2 606 8.1 .817 
20 4558 1.10 1.36 38 3 554 8.2 .849 
21 2558 3.55 1.27 56 3 504 8.2 .679 
22 3775 2.43 1.47 86 4 890 8.2 1.054 
23 4558 2.67 1.37 84 3 752 8.3 1.259 
?À 2308 .77 1.03 54 4 728 7.9 .951 
Rep II 
1 1892 3.10 .79 27 4 926 7.9 .643 
2 5442 1.34 1.21 56 6 730 8.3 .841 
3 35O8 2.45 1.20 62 2 628 8.2 1.452 
4 3942 3.87 1.21 74 3 6l4 8.2 1.350 
5 5185 3.30 1.28 63 6 772 8.3 1.314 
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Table 23. (Continued) 
Tmt. Grain Aborted Plant Soil Test 
No. Yield Grain Height n P k pH G 
(Kg/ha) (m) (pp2m) (pp2m) (pp2m) (^) 
6 3875 1.31 1.43 26 2 512 8.2 .711 
7 5727 3.33 1.42 54 5 906 8.2 1.247 
8 444.2 4.48 1.34 52 4 664 8.4 1.046 
9 4650 5.94 1.24 66 ^ 4 728 8.2 1.385 
10 1900 3.69 .83 33 3 390 8.4 .947 
11 4983 2.22 1.36 59 6 916 8.2 1.476 
12 3483 4,12 1.03 46 4 866 8.2 .876 
13 4585 3.74 1.09 62 4 674 8.3 .675 
14 4933 1.77 1.27 36 2 534 8.2 .876 
15 3708 3.07 1.31 52 2 582 8.3 .908 
16 3033 3.00 1.29 69 3 588 8.2 1.350 
17 3710 3.44 1.26 33 7 982 7.9 1.081 
18 3983 1.95 1.29 58 9 800 8.2 1.519 
19 3600 4.85 .91 45 3 558 8.3 1.216 
20 4283 4.43 1.34 67 4 546 8.3. 1.112 
21 4942 3.55 1.49 51 6 732 8.3 .876 
22 5233 2.65 1.48 86 2 766 8.3 1.385 
23 3750 5.17 1.40 61 4 742 8.2 1.247 
24 2392 2.16 .95 39 4 866 8.4 1.046 
Table 24. Maximum and minimum average temperature, in °C., by five-day-
periods for site years. 
Period Year Site Maximum Minimum Year Site Maximum Minimum 
Temporature Temperature Temperature Temperature 
1 1964 1 33.4 20.8 1964 2 33.6 20.2 
2 1964 1 32.6 21.1 1964 2 32.6 20.8 
3 1964 1 32.6 21.1 1964 2 32.5 21.4 
4 1964 1 32.8 20.5 1964 2 32.8 20.9 
5 1964 1 33.4 21.8 1964 2 32.2 21.8 
6 1964 1 32.7 19.6 1964 2 31.9 22.2 
? 1964 1 33.4 21.0 1964 2 32.0 22.2 
8 1964 1 33.0 21.4 1964 2 33.1 23.0 
9 1964 1 31.3 20.9 1964 2 31.5 22.3 
10 1964 1 32.5 21.0 1964 2 32.1 22.1 
11 1964 1 33.4 20.8 1964 2 32.2 21.5 
12 1964 1 33.8 19.6 1964 2 34.3 21.4 
13 1964 1 32.9 21.6 1964 2 34.8 22.7 
14 1964 1 34.6 20.2 1964 2 33.8 20.9 
15 1964 1 35.8 20.0 1964 2 34.1 22.3 
16 1964 1 35.4 20.1 1964 2 35.0 22.9 
17 1964 1 35.1 21.1 1964 2 34.7 22.1 
18 1964 1 34.7 21.6 1964 2 33.5 22.3 
19 1964 1 31.7 20.5 1964 2 32.8 21.4 
20 1964 1 33.6 20.6 1964 2 32.2 22.5 
21 1964 1 32.6 20.8 1964 2 31.8 21.2 
22 1964 1 34.3 19.5 1964 2 32.9 20.0 
23 1964 1 34.5 l6.6 1964 2 34.1 20.4 
24 1964 1 34.1 16.7 1964 2 32.1 19.5 
25 1964 1 34.0 15.9 1964 2 32.5 18.6 
26 1964 1 33.0 15.1 1964 2 31.5 17.6 
27 1964 1 32.3 14.3 . 1964 2 30.3 18.1 
28 1964 1 32.9 . 13.6 1964 2 29.8 19.0 
29 1964 1 33.1 14.7 1964 2 30.9 18.1 
30 1964 1 32.0 13.6 1964 2 29.1 18.0 
31 1964 1 32.5 13.6 1964 2 30.1 17.5 
32 1964 1 31.3 13.8 1964 2 28.9 16.3 
33 1964 1 29.6 13.8 1964 2 29.0 17.4 
34 1964 1 28.9 13.6 1964 2 29.6 17.6 
35 1964 1 29.3 13.7 1964 2 28.9 16.3 
36 1964 1 29.6 13.8 1964 2 28.5 15.5 
37 1964 1 29.3 13.9 1964 2 27.0 14.9 
1 1964 3 27.2 20.8 1964 4 26.9 19.3 
2 1964 3 28.0 21.2 1964 4 27.5 19.9 
3 1964 3 28.3 21.3 1964 4 27.7 20.2 
4 1964 3 29.3 21.2 1964 4 28.1 19.8 
5 1964 3 28.8 21.9 .1964 4 28.2 20.2 
6 1964 3 31.0 21.8 1964 4 28.7 20.1 
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Table 24. (Continued) 
Period Year Site Maximum Minimum Year Site Maximum Minimum 
Temperature Temperature Temperature Temperature 
7 1964 3 30.0 21.7 1964 4 28.0 20.4 
8 1964 3 28.9 22.6 1964 4 28.8 20.7 
9 1964 3 29.8 23.0 1964 4 29.1 21.7 
10 1964 3 28.8 22.2 1964 4 28.7 20.8 
11 1964 3 29.1 21.8 1964 4 28.8 20.2 
12 1964 3 29.9 21.3 1964 4 28.4 19.9 
13 1964 3 29.2 22.0 1964 4 29.7 20.2 
14. 1964 , 3 29.5 21.2 1964 4 29.0 19.0 
15 1964 3 28.9 21.5 1964 4 28.4 19.1 
16 1964 3 28.7 23.0 1964 4 29.5 20.7 
17 1964 3 28.5 22.0 1964 4 28.5 20.4 
18 1964 3 29.0 22.2 1964 4 28.5 20.1 
19 1964 3 28.6 21.4 1964 4 27.8 20.0 
20 1964 3 27.8 21.8 1964 4 29.2 20.1 
21 1964 3 27.5 20.6 1964 4 27.9 19.3 
22 1964 3 25.9 19.6 1964 4 27.0 18.3 
23 1964 3 27.0 20.3 1964 4 26.1 17.4 
24 1964 3 26.1 19.0 1964 4 26.1 17.1 
25 1964 3 25.4 18.1 1964 4 25.1 16.2 
26 1964 3 25.2 17.6 1964 4 23.7 15.8 
27 1964 3 25.2 16.8 1964 4 24.0 15.0 
28 1964 3 25.6 17.7 1964 4 24.9 16.6 
29 1964 3 25.5 17.1 1964 4 23.8 16.3 
30 1964 3 23.7 16.8 1964 4 23.8 15.7 
31 1964 3 24.0 16.9 1964 4 23.6 15.8 
32 1964 3 22.5 15.8 1964 4 22.9 15.1 
33 1964 3 22.3 16.2 1964 4 23.6 15.4 
34 1964 3 22.5 . 16.7 1964 4 23.3 15.4 
35 1964 3 22.4 16.0 1964 4 23.2 15.4 
36 1964 3 22.5 16.3 1964 4 22.5 14.7 
37 1964 3 22.7 15.5 1964 4 21.7 15.0 
1 1964 5 30.1 19.2 1964 6 27.1 18.9 
2 1964 5 30.2 19.9 1964 6 29.2 19.0 
3 1964 5 30.1 21.0 1964 6 29.3 19.8 
4 1964 5 30.6 20.1 1964 6 29.5 18.8 
5 1964 5 29.4 20.4 1964 6 29.6 19.6 
6 1964 5 30.7 20.2 1964 6 30.7 19.6 
7 1964 5 29.8 20.8 1964 6 29.8 19.9 
8 1964 5 29.4 20.3 1964 6 29.7 20.0 
9 1964 5 30.8 21.6 1964 6 30.2 21.7 
10 1964 5 31.3 21.1 1964 6 29.8 20.2 
11 1964 5 31.3 20.6 1964 6 30.3 20.2 
12 1964 5 32.0 20.6 1964 6 30.3 19.4 
167 
Table 24. (Continued) 
Period Year Site Maximum Minimum Year Site Maximum Minimum 
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13 1964 5 32.2 21.0 1964 6 30.5 19.4 
14 1964 5 31.1 21.0 1964 6 30.4 18.4 
15 1964 5 31.1 20.7 1964 6 29.9 19.4 
16 1964 5 31.4 22.0 1964 6 30.6 19.9 
17 1964 5 31.5 21.9 1964 6 30.1 19.2 
18 1964 5 30.7 20.7 1964 6 30.1 19.1 
19 1964 5 29.9 20.6 1964 6 29.3 19.2 
20 1964 5 30.6 20.8 1964 6 32.0 20.5 
21 1964 5 30.8 20.5 1964 6 30.8 18.7 
22 1964 5 30.6 20.5 1964 6 29.2 17.4 
23 1964- 5 30.5 19.5 1964 6 28.8 17.3 
24 1964 5 30.3 18.9 1964 6 28.2 17.0 
25 1964 5 30.0 18.1 1964 6 27.2 15.6 
26 1964 5 29.9 16.7 1964 6 25.5 14.7 
27 1964 5 28.8 16.2 1964 6 25.7 13.5 
28 1964 5 29.4 17.6 1964 6 26.6 15.4 
29 1964 5 29.4 17.5 1964 6 25.8 14.9 
30 1964 5 26.8 16.3 1964 6 25.2 14.8 
31 1964 5 28.9 16.1 1964 6 25.6 14.3 
32 1964 5 29.0 15.1 1964 6 25.0 13.5 
33 1964 5 27.5 15.6 1964 6 25.5 14.3 
34 1964 5 27.5 15.4 1964 6 24.8 13.9 
35 1964 5 27.6 15.2 1964 6 25.0 14.0 
36 1964 5 27.0 14.9 1964 6 23.5 13.3 
37 1964 5 26.3 13.2 1964 6 23.7 13.0 
1 1964 7 28.2 19.2 1964 8 29.3 19.8 
2 1964 7 29.3 . 19.7 1964 8 30.2 19.7 
3 1964 7 29.3 19.8 1964 8 29.6 20.0 
4 1964 7 29.5 19.6 1964 8 30.8 19.8 
5 1964 7 29.7 20.0 1964 8 30.3 20.0 
6 1964 7 29.0 20.1 1964 8 30.3 20.5 
7 1964 7 28.9 20.2 1964 8 29.5 20.4 
8 1964 7 29.2 20.6 1964 8 30.8 20.7 
9 1964 7 30.8 21.2 1964 8 31.5 21.3 
10 1964 7 29.0 20.7 1964 8 29.8 21.0 
11 1964 7 29.9 20.0 1964 8 30.1 19.9 
12 1964 7 29.9 20.0 1964 8 31.3 20.1 
13 1964 7 30.0 20.2 1964 8 31.4 20.8 
14 1964 7 30.8 19.4 • 1964 8 31.9 19.4 
15 1964 7 28.6 19.4 1964 8 29.4 19.6 
16 1964 7 31.0 21.0 1964 8 31.2 20.5 
17 1964 7 29.4 20.4 1964 8 30.0 20.2 
18 1964 7 29.6 20.0 1964 8 30.5 20.0 
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19 1964 7 29.2 19.6 1964 •8 29.9 19.9 
20 1964 7 30.2 20.4 1964 8 30.4 20.2 
?1 1964 7 29.0 19.2 1964 8 29.8 19.6 
22 1964 7 28.6 18.2 1964 8 28.6 18.2 
23 1964 7 27.6 17.8 1964 8 28.5 17.6 
24 1964 7 27.6 17.4 1964 8 28.3 17.6 
25 1964 7 26.8 16.0 1964 8 27.5 15.9 
26 1964 7 25.6 14.4 1964 8 26.1 14.8 
27 1964 7 25.4 14.2 1964 8 %5.3 14.5 
28 1964 7 26.2 15.8 1964 8 27.0 15.8 
29 1964 7 26.2 15.0 1964 8 26.7 15.8 
30 1964 7 25.4 14.8 1964 8 26.1 15.0 
31 1964 7 26.4 14.2 1964 8 27.3 14.8 
32 1964 7 25.0 13.8 1964 8 25.2 14.5 
33 1964 7 24.8 14.2 1964 8 25.3 14.9 
34 1964 7 25.2 14.4 1964 8 25.5 14.8 
35 1964 7 24.8 13.6 1964 8 25.3 13.9 
36 1964 7 24.4 14.0 1964 8 24.3 14.3 
37 1964 7 24.4 13.4 1964 8 24.2 14.4 
1 1965 9 26.5 19.8 1965 10 27.8 17.9 
2 1965 9 28.0 21.3 1965 10 28.7 19.4 
3 1965 9 27.8 21.0 1965 10 28.8 19.8 
4 1965 9 27.2 22.7 1965 10 28.9 19.9 
5 1965 9 27.1 21.9 1965 10 28.8 19.7 
6 1965 9 26.3 21.8 1965 10 29.0 18.8 
7 1965 9 27.2 21.0 1965 10 28.2 19.6 
8 1965 9 29.1 20.1 1965 10 28.7 19.4 
9 1965 9 28.9 21.6 1965 10 29.8 10.6 
10 1965 9 29.3 22.4 1965 10 29.5 20.6 
11 1965 9 29.1 22.7 1965 10 30.2 21.1 
12 1965 9 29.5 22.2 1965 10 30.4 21.2 
13 1965 9 28.0 22.6 1965 10 30.8 22.1 
14 1965 9 28.4 22.9 1965 10 31.2 22.4 
15 1965 9 29.5 23.2 1965 10 31.2 22.5 
16 1965 9 26.7 21.9 1965 10 30.9 22.0 
17 1965 9 29.0 23.0 1965 10 31.7 22.4 
18 1965 9 28.0 23.9 1965 10 32.3 22.6 
19 1965 9 28.3 23.2 1965 10 31.8 22.7 
20 1965 9 28.2 22.8 1965 10 31.3 22.4 
21 1965 9 27.6 23.0 1965 10 30.4 21.8 
22 1965 9 30.3 22.8 1965 10 30.1 21.2 
23 1965 9 28.3 22.3 1965 10 • 28.9 21.0 
24 1965 9 28.3 23.2 1965 10 29.8 21.5 
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25 1965 9 28.6 22.6 1965 10 29.5 21.3 
26 1965 9 28.3 22.7 1965 10 29.9 20.8 
1965 9 28.9 22.6 1965 10 29.1 21.1 
28 1965 9 28.1 21.5 1965 10 27.7 19.6 
29 1965 9 26.8 21.1 1965 10 27.3 19.4 
30 1965 9 26.2 20.9 1965 10 29.1 19.9 
31 1965 9 27.3 20.7 1965 10 28.4 19.7 
3? 1965 9 26.0 20.6 1965 10 28.4 19.5 
33 1965 9 26.4 21.1 1965 10 27.6 19.5 
3^  1965 9 25.9 20.6 1965 10 27.2 19.4 
35 1965 9 27.0 20.5 1965 10 27.0 18.1 
36 1965 9 25.8 19.2 1965 10 26.5 17.4 
37 1965 9 26.7 19.9 1965 10 26.6 19.4 
1 1965 11 30.5 17.9 1965 12 29.8 16.7 
2 1965 11 30.3 18.3 1965 12 30.2 18.7 
3 1965 11 31.4 19.8 1965 12 30.4 18.9 
4 1965 11 30.7 18.0 1965 12 31.7 20.0 
5 1965 11 31.5 17.5 1965 12 30.3 19.3 
6 1965 11 31.5 18.9 1965 12 31.0 17.5 
7 1965 11 31.2 19.9 1965 12 29.6 18.9 
8 1965 11 31.6 20.9 1965 12 30.9 18.5 
9 1965 11 30.4 21.8 1965 12 30.7 20.1 
10 1965 11 31.5 21.2 1965 12 31.1 19.3 
11 1965 11 31.9 21.8 1965 12 31.3 19.6 
12 1965 11 30.9 21.0 1965 12 28.7 19.8 
13 1965 11 30.6 21.8 1965 12 30.8 20.6 
14 1965 11 28.4 21.6 1965 12 30.3 21.1 
15 1965 11 29.6 21.8 1965 12 31.2 21.4 
16 1965 11 28.3 21.4 1965 12 30.5 21.0 
17 1965 11 29.5 21.9 1965 12 32.1 20.8 
18 1965 11 29.8 22.7 1965 12 31.9 21.4 
19 1965 11 28.9 21.9 1965 12 30.2 21.0 
20 1965 11 29.0 21.5 1965 12 31.2 20.7 
21 1965 11 28.9 21.2 1965 12 30.4 20.2 
2? 1965 11 30.0 19.6 1965 12 29.9 18.7 
23 1965 11 29.0 19.8 1965 12 30.2 18.7 
24 1965 11 28.9 20.8 1965 12 29.6 20.0 
25 1965 11 29.2 20.3 1965 12 30.6 19.1 
26 1965 11 28.9 20.3 1965 12 30.6 19.2 
27 1965 11 29.8 20.3 1965 12 30.4 19.3 
28 1965 11 27.7 19.0 1965 12 28,6 17.9 
29 1965 11 27.4 18.4 1965 12 28.0 18.4 
30 1965 11 29.0 20.7 1965 12 30.0 19.0 
Table 2^ . (Continued) 
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31 1965 11 30.0 19.0 1965 12 29.3 18.2 
32 1965 11 28.4 19.4 1965 12 28.6 18.6 
33 1965 11 28.2 19.2 1965 12 28.9 18.2 
34 1965 11 28.1 19.0 1965 12 28.0 18.6 
35 1965 11 28.2 17.5 ' 1965 12 27.6 17.0 
36 1965 11 28.0 17.3 1965 12 27.6 16.8 
37 1965 11 27.8 18.4 1965 12 27.3 18.2 
1 1965 13 29.0 18.6 1965 14 30.9 18.1 
2 1965 13 30.2 19.4 1965 14 31.5 19.4 
3 1965 13 30.1 20.0 1965 14 31. Û 20.0 
4 1965 13 30.4 20.5 1965 14 31.8 20.5 
5 1965 13 30.6 20.2 1965 14 31.9 20.0 
6 1965 13 31.4 18.9 1965 14 32.3 19.1 
7 1965 13 30.7 19.8 1965 14 31.8 19.7 
8 1965 13 31.1 19.2 1965 14 32.6 19.3 
9 1965 13 31.0 20.2 1965 14 30.1 20.8 
10 1965 13 30.4 20.1 1965 14 31.7 20.3 
11 1965 13 31.3 21.0 1965 14 32.4 21.0 
12 1965 13 30.9 21.1 1965 14 31.7 21.4 
13 1965 13 30.4 21.9 1965 14 30.8 22.1 
14 1965 13 29.5 22.0 1965 14 30.6 21.9 
15 1965 13 30.4 22.0 1965 14 31.5 22.2 
16 1965 13 29.2 21.5 1965 14 30.6 21.7 
17 1965 13 31.2 21.9 1965 14 32.6 22.2 
18 1965 13 31A 22.3 1965 14 32.3 22.5 
19 1965 13 31.0 22.1 1965 14 31.5 22.4 
20 1965 13 30.3 22.0 1965 14 31.0 22.3 
21 1965 13 30.6 21.2 1965 14 31.2 21.3 
22 1965 13 29.2 20.2 1965 14 30.6 20.1 
23 1965 13 28.4 19.6 1965 14 30.2 19.9 
24 1965 13 29.2 20.4 1965 14 29.7 20.4 
25 1965 13 29.2 20.1 1965 14 30.5 20.0 
26 1965 13 29.4 19.7 1965 14 29.8 19.7 
27 1965 13 28.2 19.8 1965 14 29.7 19.6 
28 1965 13 27.2 19.2 1965 14 28.1 18.7 
29 1965 13 27.6 18.4 1965 14 28.4 18.9 
30 1965 13 28.8 19.4 1965 14 29.0 19.5 
31 1965 13 28.0 18.9 1965 14 28.8 18.7 
32 1965 13 27.7 19.1 1965 14 28.6 18.6 
33 1965 13 27.5 18.5 1965 14 28.9 18.4 
34 1965 13 27.4 18.6 1965 14 28.4 18.4 
35 1965 13 27.6 17.8 1965 14 28.2 17.6 
36 1965 13 27.2 17.3 1965 14 27.5 17.0 
37 1965 13 26.8 18.4 1965 14 27.4 18.2 
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1 1965 15 29.4 18.0 1966 16 27.8 21.6 
2 1965 15 30.2 19.8 1966 16 28.4 21.8 
3 1965 15 30.0 20.0 1966 16 28.8 22.4 
4 1965 15 30.0 21.0 1966 16 28.7 21.6 
5 1965 15 30.8 19.8 1966 16 29.4 21.0 
6 1965 15 31.2 18.8 1966 16 29.5 23.2 
7 1965 15 30.6 19.4 1966 16 28.8 22.7 
8 1965 15 31.4 19.4 1966 16 29.8 22.9 
9 1965 15 31.0 20.2 1966 16 29.2 22.7 
10 1965 15 31.0 20.0 1966 16 29.6 22.1 
11 1965 15 32.0 21.4 1966 16 29.3 21.8 
12 1965 15 30.6 21.2 1966 16 29.8 22.3 
13 1965 15 30.8 21.4 1966 16 29.3 22.8 
14 1965 15 29.8 21.8 1960 16 30.6 23.0 
15 1965 15 29.8 21.8 1966 16 30.9 22.4 
16 1965 15 29.2 21.0 1966 16 28.8 22.5 
17 1965 15 31.6 21.8 1966 16 28.1 21.2 
18 1965 15 32.0 22.4 1966 16 27.8 21.5 
19 1965 15 31.8 22.0 1966 16 27.9 21.6 
20 1965 15 30.8 21.6 1966 16 28.0 21.0 
21 1965 15 31.6 21.8 1966 16 28,1 20.0 
22 1965 15 30.8 19.8 1966 16 28.0 21.9 
23 1965 15 29.4 19.6 1966 16 28.2 20.8 
24 1965 15 29.8 20.0 1966 16 27.8 19.7 
25 1965 15 30.0 20.2 1966 16 27.8 20.1 
26 1965 15 29.2 19.2 1966 16 27.5 20.1 
27 1965 15 29.0 19.2 1966 16 24.9 18.2 
28 1965 15 27.4 18.8 1966 16 24.8 18.3 
29 1965 15 28.2 ' 18.6 1966 16 24.6 17.5 
30 1965 15 28.4 18.6 1966 16 24.4 18.5 
31 1965 15 28.6 18.1 1966 16 24.8 17.8 
32 1965 15 28.1 17.9 1966 16 24.9 17.4 
33 1965 15 28.2 17.8 1966 16 24.6 18.1 
34 1965 15 27.7 17.5 1966 16 24.0 16.9 
35 1965 15 28.0 16.7 1966 16 23.7 16.7 
36 1965 15 27.5 16.0 1966 16 23.8 17.1 
37 1965 15 26.8 17.1 1966 16 24.0 16.3 
1 1966 17 28.2 20.0 1966 18 26.6 19.2 
2 1966 17 29.2 21.0 1966 18 30.4 20.2 
3 1966 17 28.9 21.2 1966 18 29.5 20.8 
4 1966 17 28.9 20.5 1966 18 30.9 19.6 
5 1966 17 29.0 20.8 1966 18 31.8 20.4 
6 1966 17 29.5 21.2 1966 18 29.5 20.9 
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7 1966 17 29.3 21.3 1966 18 29.9 19.7 
8 1966 17 29.1 20.9 1966 18 29.1 20.1 
9 1966 17 29.0 21.2 1966 18 30.4 20.0 
10 1966 17 29.6 21.2 1966 18 30.3 20.8 
11 1966 17 30.1 20.4 1966 18 31.4 20.2 
12 1966 17 29.8 20.5 1960 18 30.4 20.6 
13 19(i6 17 30.5 21.8 1966 18 31.1 21.3 
14 1966 17 30.4 21.9 1966 18 31.5 21.7 
15 1966 17 30.3 21.2 1966 18 29.9 21.1 
16 1966 17 30.2 20.7 1966 18 29.3 20.5 
17 1966 17 29.1 19.8 1966 18 30.9 21.3 
18 1966 17 29.8 19.4 1966 18 30.7 21.7 
19 1966 17 29.6 19.8 1966 18 31.6 21.0 
20 1966 17 28.8 18.8 1966 18 31.9 21.0 
21 1966 17 28.6 18.4 1966 18 29.1 19.4 
22 1966 17 28.8 18.5 1966 18 30.0 20.1 
23 1966 17 28.2 19.5 1966 18 29.9 19.9 
24 1966 17 27.0 18.0 1966 18 30.0 18.3 
25 1966 17 28.1 18.4 1966 18 29.9 20.0 
26 1966 17 27.0 18.6 1966 18 30.5 19.6 
27 1966 17 27.3 18.2 1966 18 29.1 19.2 
28 1966 17 25.5 16.9 1966 18 30.1 18.4 
29 1966 17 24.8 16.6 1966 18 29.9 17.8 
30 1966 17 25.3 16.4 1966 18 28.5 16.7 
31 1966 17 25.3 17.0 1966 18 27.1 16.5 
32 1966 17 24.5 16.0 1966 18 27.2 15.3 
33 1966 17 24.2 16.3 1966 18 26.8 15.4 
34 1966 17 24.0 . 15.9 1966 18 28.5 16.0 
35 1966 17 23.7 15.9 1966 18 25.9 16.3 
36 1966 17 22.9 16.2 1966 18 25.2 15.6 
37 1966 17 22.1 14.3 1966 18 25.3 15.8 
1 1966 19 31.4 19.0 1966 20 30.1 19.4 
2 1966 19 31.1 19.8 1966 20 30.3 20.5 
3 1966 19 32.2 19.9 1966 20 30.9 20.7 
4 1966 19 31.5 19.6 1966 20 30.6 20.0 
5 1966 19 32.1 19.8 1966 20 31.1 20.2 
6 1966 19 30.4 20.5 1966 20 29.6 20.4 
7 1966 19 32.2 20.8 1966 20 31.1 20.3 
8 1966 19 31.7 19.9 1966 20 31.1 20.1 
9 1966 19 31.6 19.9 1966 20 30.8 20.1 
10 1966 19 31.6 19.9 1966 20 31.0 20.6 
11 1966 19 32.0 19.4 1966 20 31.3 19.9 
12 1966 19 32.0 20.5 1966 20 31.4 20.5 
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13 1966 19 31.7 20.8 1966 20 31.2 21.5 
14 1966 19 32.0 21.1 1966 20 31.4 21.7 
15 1966 19 31.6 20.0 1966 20 31.4 20.9 
16 1966 19 31.7 20.2 1966 20 31.7 20.9 
17 1966 19 30.7 19.5 1966 20 31.0 19.5 
18 1966 19 31.5 19.0 1966 20 30.8 20.0 
19 1966 19 31.9 19.3 1966 20 31.1 19.7 
20 1966 19 31.8 17.9 1966 20 30.6 18.8 
21 1966 19 31.0 18.0 1966 20 29.6 17.9 
22 1966 19 30.8 18.6 1966 20 30.3 19.0 
23 1966 19 30.0 19.1 1966 20 29.3 19.3 
2k 1966 19 29.6 17.1 1966 20 28.9 17.4 
25 1966 19 31.5 17.6 1966 20 29.6 18.6 
26 1966 19 30.0 18.1 1966 20 28.4 18.3 
27 1966 19 29.0 16.6 1966 20 29.1 16.3 
28 1966 19 28.5 16.2 1966 20 27.9 16.4 
29 1966 19 P!7.5 15.1 1966 20 26.7 15.4 
30 1966 19 28.0 14.9 1966 20 26.7 14.9 
31 1966 19 27.5 15.^  1966 20 26,6 15.2 
32 1966 19 27.1 14.3 1966 20 26.3 13.9 
33 1966 19 26.9 14.8 1966 20 26.1 15.2 
34 1966 19 26.6 13.9 1966 20 25.5 14.0 
35 1966 19 26.2 14.0 1966 20 24.8 14.0 
36 1966 19 25.9 14.9 1966 20 25.0 15.3 
37 1966 19 26.3 14.2 1966 20 24.2 13.0 
1 1966 21 28.8 19.6 
2 1966 21 29.0 20.7 
3 1966 21 29.8 20.4 
4 1966 21 29.3 19.8 
5 1966 21 30.2 20.4 
6 1966 21 29.1 20.8 
7 1966 21 30.5 21.3 
8 1966 21 29.9 20.6 
9 1966 21 29.7 2.0.6 
10 1966 21 29.9 20.5 
11 1966 21 30.2 19.9 
12 1966 21 30.9 20.8 
13 1966 21 31.1 21.5 
14 1966 21 30.8 22.0 
15 1966 21 30.8 20.6 
16 1966 21 31.1 20.6 
17 1966 21 29.8 19.7 
18 1966 21 29.7 19.4 
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19 1966 21 29.8 19.4 
20 1966 21 29.0 18.5 
21 1966 21 28.3 17.7 
22 1966 21 29.1 18.8 
23 1966 21 28.4 19.2 
24 1966 21 27.1 17.5 
25 1966 21 28.0 18.7 
26 1966 21 27.2 18.6 
27 1966 21 27.2 17.4 
28 1966 21 26.4 16.7 
29 1966' 21 25.5 15.9 
30 1966 21 25.8 15.3 
31 1966 21 25.7 16.2 
32 1966 21 24.8 14.9 
33 1966 21 24.7 15.5 
34 1966 21 24.8 14.8 
35 1966 21 24.4 15.5 
36 1966 21 24.0 15.7 
37 1966 21 23.3 15.1 
